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EXECUTIVE SUMMARY

A background study was conducted at the Off-Site Weapons Storage Area (WSA)

located approximately 5 miles west of Naval Air Station Fort Worth Joint Reserve

Base, Carswell Field, Texas (referred to as NAS Fort Worth) to establish background

concentrations of radium and total petroleum hydrocarbons (TPH) in surface soil,

subsurface soil, and groundwater.

A total of 21 surface soil, 21 subsurface soil, and 15 groundwater samples were

collected to characterize these media for background concentrations. Additionally,

two groundwater samples were collected from each of the onsite water supply wells.

The Tolerance Interval (TI) method (U.S. Environmental Protection Agency [EPA]

1989, 1992) was used to estimate upper tolerance limits (UTLs) of the distribution of

each constituent in the background data population. Table ES-I presents the results

of the WSA Background Study. The UTL9595 listed in the table is the value that we

can say, with 95 percent confidence, will exceed 95 percent of the background data.

Any analyte detected at a site with a concentration greater than the UTL has only a

5 percent probability of being drawn from the background data population and, thus,

may indicate the presence of site-related contamination.

Table ES-l also presents the maximum detected value for TPH, Radium-226,

Radium-228, and total radium from the two samples collected from the onsite water

supply wells. Comparison of these maximum values to the calculated UTLs indicates

that the concentrations of radium detected in the onsite water supply wells are

consistent with background concentrations and do not indicate site related

contamination.
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TABLE ES-I
Comparison of Maximum Detected Values

in Supply Wells to Background UTL

Analyte in Groundwater Background UTL95,95
Maximum Concentration
Detected in Supply Wells

TPH (mg/L) ND at 0.444 ND at 0.444

Radium-226 (pCiIL) 13.06 9.82

Radium-228 (pCi/L) 2.61 1.39

Total Radium (pCi/L) 14.46 11.21

Notes:

mg/L milligrams per liter
pCi/L picocuries per liter
ND nondetect
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1.0 INTRODUCTION

This report describes field activities, summarizes analytical results, and presents

background concentrations calculated for the Weapons Storage Area (WSA)

background study. Jacobs Engineering Group Inc. (Jacobs) completed this work

under Contract F41624-94-D-8046, Delivery Order 0021, issued by the Air Force

Center for Environmental Excellence (AFCEE). The project consisted of sampling

soil and groundwater, and calculating background concentrations for total petroleum

hydrocarbons (TPH) and radium in each of these media.

This report is organized into six sections. Section 1.0 introduces the WSA

background study, the history and physical setting of the site, project objectives, the

general approach, and the rationale for the selection of sampling locations and the

analytical suites. Section 2.0 describes the field sampling activities. Section 3.0

provides an overview of data quality. Section 4.0 presents the data analysis and

— statistical calculations of background concentrations for each of the media sampled.

Section 5.0 summarizes the conclusions of this study. Section 6.0 is the list of

references used to prepare this report. In addition to the six sections, this report

includes the following six appendices:

• Appendix A - Preliminary Analytical Results

• Appendix B - Chain-of-Custody Records

• Appendix C - Soil Probe Boring Logs

• Appendix D - Monitoring Well Boring Logs, Construction Details, and
Groundwater Sampling Data Sheets

• Appendix E - Statistical Calculations Support Tables

• Appendix F - Photographs.

1.1 LOCATION AND HISTORY OF WEAPONS STORAGE AREA

The WSA is located in north-central Texas, approximately 5 miles west of Naval Air

Station (NAS) Fort Worth (Figure 1-1). The area surrounding the offsite WSA is

1CARSWtLL\O5G479OO\WP\WSA\SEC1 .DOC 1/5/98 Final
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primarily rural, occupied mostly by ranches and farms although newer residential

developments are located to the south and east of the WSA.

The WSA is a 247-acre site surrounded by a 264-acre buffer zone easement. The

WSA is located between two forks of Live Oak Creek, which flows east and north to

discharge into Lake Worth.

Opened in 1956, the site was historically used for munitions inspection, storage, and

disposal. The facility includes two munitions inspection shops, 16 ordnance storage

buildings, one entry-control building, an emergency power plant, an Explosive

Ordnance Disposal range, a former radioactive waste storage facility, a water storage

tank, and two water wells. The radioactive waste storage facility consisted of three

waste burial wells, which were reportedly used for disposal of luminous instruments

from dismantled or refurbished warplanes.

Contamination identified in previous investigations includes trichloroethene (TCE) in

soil west of the Inspection Shop (Building 8503), and total radium in excess of the

federal drinking water standards in the onsite potable water supply well.

The total radium detected in the onsite water supply well is the basis for the

background study at the WSA. The background study was initiated to establish the

naturally occurring concentrations of Radium-226 and -228 and determine the

presence of TPH in groundwater and soil.

A 1989 Resource Conservation and Recovery Act (RCRA) Facility Assessment (RFA)

by A.T. Keamey, Inc. (A.T. Kearney, Inc. 1989) identified two solid waste management

units (SWMUs) at the WSA: SWMU 60, the radium burial site and SWMU 65, the

waste disposal site. Radian Corporation (Radian) collected soil and groundwater

samples at the WSA in 1986 and in 1988 (Radian 1986, 1988). Based on these

investigations, SWIvIU 65 was approved for no further action by the Texas Natural
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Resource Conservation Commission (TNRCC) in 1991. In 1996 Metcalf & Eddy, Inc.

removed the radioactive material at SWIvIU 60 (Metcalf& Eddy, Inc. 1996).

1.2 INSTALLATION ENVIRONMENTAL SETTING

The WSA is located in the Grand Prairie Section of the Central Lowlands -

Physiographic Province. The area is characterized by broad, gently to moderately

sloping terraces of sedimentary rock mantled by a variable thickness of light brown to

black loamy soil. The soil layer is thin to virtually nonexistent in some areas of the

WSA. The Grand Prairie Section is typically grass-covered with isolated stands of

upland timber.

In general, topography within the fenced area of the WSA consists of a gently eastward

sloping surface with elevations ranging from approximately 720 feet above mean sea

level along the east fence to approximately 770 feet above mean sea level near the

western fence boundary of the site. The topography is more variable outside the fenced

area. The stream valleys of Live Oak Creek and a tributary are found to the north and

southeast of the WSA fenced area but within the WSA property boundary.

1.2.1 Demography

The WSA is located in north-central Tarrant County. Based on the 1990 census, the

population of Tarrant County (which encompasses most of the Fort Worth

metropolitan area) is approximately 1.17 million; approximately 447,600 people live

in the City of Fort Worth. Numerous smaller communities represent the balance of

the population. The community of White Settlement is approximately 3 miles to the
—

east of the WSA. The Tarrant County/Parker County line is approximately 1.5 miles

to west of the WSA.

LCARSWELL\OG479OOWP'WSA\SEC I .DOC 1/5/98 Final
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Land in the vicinity of the WSA is primarily rural and characterized by grazing and

agricultural use. Currently, the area surrounding the WSA is relatively undeveloped;

however, several small residential communities have recently been or are currently

being built in the area.

1.2.2 Geology

The following sections discuss the regional geology and site-specific geology of the

WSA.

1.2.2.1 Regional Geology

The geology of west-central Tarrant County consists of Early Cretaceous marine

sedimentary rocks underlain by undifferentiated Paleozoic rocks. Unconsolidated

thin alluvial deposits of the Quaternaiy period overlie bedrock along major stream

and river valleys.

Sediments were deposited in the area during most of the Paleozoic era. Late in the

Paleozoic era the area was uplifted, and extensive erosion during the Jurassic period

produced a surface upon which early Cretaceous marine sediments were deposited as

part of an oscillating shoreline. These marine sediments now exist as a southeast-

thickening wedge extending into the East Texas basin. From the late Cretaceous

period through the Tertiary period, the sea withdrew toward the Gulf of Mexico, and

the land surface was eroded and shaped by streams. During the Quaternary period,

the streams deposited alluvial sediments. The older sediments are represented by

terrace deposits cut by the alluvial valleys of present streams.

Major structural features in the vicinity of Tarraiit County include the Mexia-Talco

fault system about 80 miles to the east, the leading edge of the Ouachita overthrust

about 30 miles to the east, and the south end of the axis of the Fort Worth basin,

located approximately 5 miles to the east of the site.
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The generalized regional stratigraphic units in the vicinity of Tarrant County are

presented in Table 1-1. Not all units are present at the WSA. The units present at the

WSA are briefly described in the following paragraphs.

TABLE 1-1
Stratigraphic Units of Interest in the

Vicinity of the Weapons Storage Area

Era System Series Group Stratigraphic Units

Cenozoic Quaternary Holocene
Fill Material
Alluvium

Pleistocene Fluvial Terrace Deposits

Mesozoic Cretaceous Comanche

Wash ta Duck Creek Limestone
Kiamichi Formation

Fredericksburg Goodland Limestone
Walnut Formation

Trinity Paluxy Formation
Glen Rose Formation
Twin Mountains Formation

Paleozoic Paleozoic Undifferentiated

The fill materials consist of clay, silt, sand, gravel, and organic material generally due

to farming related soil disturbance. The alluvial deposits fill present-day stream and

river valleys and consist of sand, silt, clay, and gravel. The Terrace Alluvium,

consisting of gravel, sand, silt, and clay, represent older floodplain sediments and

occur above and are generally cut by the present stream valleys.

The Cretaceous rocks of the Comanche Series (the Washita, Fredericksburg, and

Trinity Groups) all dip gently to the east-southeast at a rate of approximately 37 feet

per mile (Leggat 1957). Units of the Washita Group (the Duck Creek Limestone and

Kiamichi) do not occur at the site, but do occur to the south and east of NAS Fort

Worth (McGoweri et al. 1988).

i.CARSWELL'05647900.WP'WSA.SEC I .Doc 115.98 Final
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The Fredericksburg Group, which consists of the Goodland Limestone and the

Walnut Formation, underlie most of the area and occasionally crop out. The

Goodland Limestone is composed of white, chalky, fossiliferous, dense, thinly to

massively bedded limestone interbedded with gray to yellow-brown stiff clay and

marl (Hargis + Associates 1989). The formation is extensively jointed and ranges

from 0 to 130 feet thick in Tarrant County. The Walnut Formation, which averages

300 feet in thickness, is a fossiliferous limestone and shell coquinite, and consists of

interbedded brown sandy clay, thinly bedded fossiliferous clay, fissile clay, and iron-

stained limestone (Leggat 1957).

Rocks of the Trinity Group, consisting of the Paluxy, Glen Rose, and Twin

Mountains Formations, underlie and often crop out at the WSA. The Paluxy

Formation consists of sandstone and siltstone interbedded with sandy to silty,

calcareous, waxy clay, and shale (Nordstrom 1982). The sandstone is composed of

fine- to coarse-grained, well-sorted, poorly consolidated, and cross-bedded white

quartz. The thickness of the Paluxy Formation in Tarrant County is approximately

140 to 190 feet (Leggat 1957). Underlying the Paluxy Formation is the Glen Rose

Formation consisting of sandstone, claystone, limestone, and anhydrite. In the

vicinity of Lake Worth, the Glen Rose Formation is approximately 250 feet thick.

Underlying the Glen Rose Formation is the Twin Mountains Formation. The Twin

Mountains Formation grades upward from a chert and quartz conglomerate to a fine-

to coarse-grained sandstone interbedded with shale and clay, and is approximately

250 feet thick in the vicinity of Lake Worth. Undifferentiated Paleozoic deposits

underlie the Twin Mountains Formation and consist of shales, sandstones, and

limestones 6,000 to 7,000 feet thick.

l:CARSWELL\O5G479OO\WP\WSA\SECI DOC 115198 Final

1 7 Recycied



1.2.2.2 Geolov of the Weapz.ns Stora2e Area

The stratigraphy of the WSA consists of, in descending order, the following:

• Goodland Limestone;

• Walnut Formation;

• Paluxy Formation; and

• Glen Rose Formation.

The surficial materials at the WSA consist mostly of moderately to highly weathered

outcrops of Goodland Limestone and Walnut Formation; very little, if any, fill or soil

exists within the fenced boundaries of the site. Soil exists in some areas to the west,

northwest, and east of the site. Alluvial materials are found only along the stream

channels of Live Oak Creek and its tributary, which are located outside the boundary

fence of the site.

Goodland Limestone outcrops to the west of the WSA property boundary, while

weathered Walnut Formation outcrops over most of the area inside the fenced

boundary of the WSA (Barnes 1972/1988). The Walnut Formation is composed of

shell-agglomerate limestone with varying amounts of clay and shale. The limestone

is usually fractured and contains considerable jointing and flaking. The Walnut

Formation encountered in the two background wells was approximately 26 to 30 feet

thick. Terrace Alluvium was not encountered at the WSA.

Underlying the Walnut Formation is the Paluxy Formation. The Paluxy is exposed

only along Live Oak Creek and tributary, and in a quarry south of the WSA. The

Paluxy is principally composed of sand with lesser amounts of clay, sandy clay, shale,

and lignite. The Paluxy Formation encountered in the two background wells was

approximately 170 to 190 feet thick.

1CARSWELL'05047900WP\WSA\SECI .Doc 115198 Final
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1.2.3 Hydrogeology of the Weapons Storage Area

The hydrogeology of the WSA consists of three primary units:

1. the Walnut Formation aquitard, consisting primarily of dry limestone with some
locally perched groundwater in shallow weathered zones;

2. the Paluxy Aquifer; and

3. the Glen Rose Formation aquitard.

Walnut Formation Aguitard. The Walnut Formation aquitard is composed of varying

amounts of clay and shale layers interbedded with shell-agglomerate limestone strata.

The Walnut Formation is typically dry and is not a source of groundwater in the area.

Observations during the investigation indicated that water was found within the

Walnut Formation only after heavy rains via surface infiltration. The Walnut

Formation was found to be between 26 and 30 feet thick in areas west and northwest

of the WSA.

Paluxy Aquifer. The Paluxy Aquifer is the principal source of groundwater in the

vicinity of the WSA. The Paluxy Formation consists predominantly of sands separated

by thin, discontinuous shale and claystone layers. The lower part of the Paluxy

Formation is generally coarser grained than the upper part. The Paluxy can exist under

unconfined or semiconfined conditions, depending on depth of encounter and the local

stratigraphic sequence. Most of the water wells in the area are completed in the lower,

coarser-grained and higher-permeable section of the Paluxy Aquifer.

Most recharge to the Paluxy occurs where the formation crops out west and north of

the WSA along the Clear Fork of the Trinity River and along tributaries to the West

Fork and South Fork of the Trinity River. The amount of recharge via outcrops along

Live Oak Creek is not known. Regional groundwater flow in the Paluxy is

southeastward in the direction of the regional dip.

T:\CARSWELL\05G47900\WP\WSA\SECI .DOC 116198 Final
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The Paluxy Aquifer is an important source of potable groundwater for the Fort Worth

area. Many individuals and communities surrounding the WSA draw their water

from the Paluxy Aquifer. Groundwater is also used by many of the surrounding

farms and ranches for agricultural and livestock purposes.

Three samples were collected from the Paluxy Aquifer and submitted for effective

porosity and hydraulic conductivity analysis. The results are shown in Table 1-2.

TABLE 1-2
Summary of Geotechnical Results

for Paluxy Aquifer Samples

Sample ID Sample Depth
(feet)

Effective Porosity
(%)

Average Hydraulic
Conductivity (cm(s)

WJEPX925-A 195 to 196 28.66 2.29 x 10

WJEPX925-B 249 to 250 28.91 3.47 x i0-

WJEPX925-C 161 to 162 1.6 9.1 x 10.8

Notes:
cm/s centimeters per second
% percent

Glen Rose Aguitard. Below the Paluxy are the fine-grained limestone, shale, marl,

and sandstone beds of the Glen Rose Formation. Although the sands in the Glen

Rose yield small amounts of water to wells in Fort Worth and western Tarrant

County, the relatively impermeable limestone is an aquitard, and restricts water

movement between the Paluxy Aquifer above and the Twin Mountains Aquifer

below.

1.2.4 Surface Water

The primary surface-water features in the vicinity of the WSA are Live Oak Creek,

located approximately 400 feet south of the WSA boundary, and an unnamed
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ephemeral tributary to Live Oak Creek located immediately outside the boundary

north of the WSA. Live Oak Creek flows east-northeast from the WSA, entering

Lake Worth approximately 3 miles west of NAS Fort Worth. Portions of the WSA

fall within the 100-year floodplain of Live Oak Creek.

1.2.5 Climatology/Meteorology

The WSA is located at approximately 32 degrees north latitude and 97 degrees west

longitude, in north-central Texas. The climate of the site is typified by hot summers

and cool, relatively dry winters.

1.2.5.1 Precipitation

Mean annual precipitation is 31.6 inches, with the highest mean precipitation

occurring in April and May (3.8 and 4.4 inches), and in September and October (3.2

and 3.6 inches). Mean monthly precipitation amounts are lowest from November

through February (1.8 inches or less), and during August (1.9 inches). Most
precipitation occurs as rain; snowfall accounts for appreciable amounts of

precipitation only during the months of January and February.

1.2.5.2 Temperature

Historical meteorological data from NAS Fort Worth during the years 1942 through

1990 indicate the mean annual temperature is 66 degrees Fahrenheit (° F). Mean

monthly temperatures range from a high of 86° F (July) to a low of 450 F (January).

High and low extreme temperatures were 110 and 00 F, respectively, during the

record-keeping period.

1.2.5.3 Wind

During most of the year, the predominant wind direction is from the south at a speed

of 6 to 8 knots. Typically, the wind blows from the north only during December

through February, at a speed of 7 to 8 knots.
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1.2.6 Biological Resources

An ecological study has not been completed at the WSA; however, because of the

proximity to Live Oak Creek, a wide variety of species would be expected to inhabit

the buffer zone. Animals expected to inhabit this area include mice, gophers,

squirrels, rabbits. granivorous and insectivorous birds, lizards, snakes, skunks, and

higher predators such as hawks, owls, and foxes.

The U.S. Fish and Wildlife Service (FWS) and the Texas Department of Parks and

Wildlife (TDPW) have identified 12 bird, two reptile, and one sensitive plant species

that are threatened and endangered species and are potentially occurring in Tarrant

County. The two federal-listed candidate reptile species that could inhabit Tarrant

County are the Texas horned lizard, which lives on grassy hillsides, and the Texas

garter snake, which inhabits prairie seeps and wet grassy swales.

However, no state- or federal-listed threatened or endangered species are known to

live on the WSA property. The closest sensitive habitat to the sites is the great blue

heron rookeries to the north of NAS Fort Worth, across Lake Worth.

1.2.7 Cultural or Archaeological Resources

No significant archaeological or prehistoric sites have been identified within the

boundary of the WSA. Fossils are present in outcrops at the WSA, but have not been

identified as a significant paleontological resource.

1.3 PROJECT OBJECTIVES

The objectives of the WSA background study are as follows:

• Establish background concentrations of Radium-226 and -228 and TPH in
groundwater immediately upgradient of the WSA.
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• Establish background concentrations of Radium-226 and -228 and TPH in surface
and subsurface soils surrounding the WSA.

• Determine whether concentrations of radium previously detected in WSA supply
wells can be attributed to site-related sources or to natural background sources.

1.4 GENERAL APPROACH AND RATIONALE

The approach and rationale for the background study at the WSA were developed to

generate chemical compound constituent populations for pertinent media. The

following discusses the approach and rationale used to select media and chemical

analyses.

1.4.1 Media Classification

The media selected for determining background concentrations are surface soils,

subsurface soils, and groundwater. The surface and subsurface soils were designated

in the field as Horizons A and B, respectively, for identification purposes and do not

refer to soil horizons used in the pedological classification system (U.S. Department

of the Interior [DOll 1980). Surface water from a small pond within the buffer zone

northwest of the WSA was also sampled to provide an indication of naturally

occurring concentrations; however, a single sample is not sufficient for establishing a

background concentration. Additionally, the surface water sample was collected and

analyzed to investigate if the source of radium in the supply wells was surface water

infiltrating along the well casing and into the groundwater.

Surface soils, Horizon A, are defined as the first-encountered soil type at the ground

surface to a depth of 2 feet. This soil type varies from a sandy clay to clay with

varying amounts of silt and fine subrounded gravel and is dark grayish brown to dark

gray in color. This soil type is the predominant surface soil at the WSA, and has been

observed up to depths of 4 feet below ground surface. However, in some locations

this soil type is not found on the surface because of erosional effects.
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Subsurface soils, Horizon B, are defined as the second encountered soil type below

the organically rich surface soil. The subsurface soil is a sandy clay with varying

amounts of fine subrounded limestone clasts, reddish brown to strong brown.

1.4.2 Chemical Analyses

All media were analyzed for total alpha-emitting radium (Method SW9315),

Radium-228 (Method SW9320), and TPH (Method E418.1). Because radium is

naturally occurring in soils and groundwater in various concentrations, this study is

concerned with the background concentrations as a means of comparison to

concentrations found in the water supply wells.

1.4.3 Background Study

The analytical results were used to calculate background concentrations for TPH and

radium in soils and groundwater. A total of2l surface soil, 21 subsurface soil, and 15

groundwater samples were collected to characterize these media for background

concentrations. The Tolerance Interval (TI) method (U.S. Environmental Protection

Agency IIEPAI 1989, 1992) was used to estimate background concentrations in site

media. The TI method is used to estimate the concentration of a given constituent in

a given medium and is expressed as an appropriate upper tolerance limit (UTL) of the

distribution of the constituent in the background data population.

Section 4.0 discusses the process by which the UTLs were developed and reports the

results for radium and TPH by medium.
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2.0 BACKGROUND SAMPLING PROGRAM

The following sections describe the numbers of samples collected, sample locations,

and sampling procedures utilized during the background study.

2.1 SAMPLING LOCATIONS

Sampling locations meant to represent background concentrations of radium and TPH

in soils and groundwater were chosen away from the WSA facility in areas believed

to be unaffected by activities at the site. The two new groundwater monitoring wells

— were located upgradient from onsite wells XU3212-901 and XU3212-902. The third

background well is a private well located southwest, or approximately cross-gradient,

— from the onsite wells. The surface water sample location was selected because it is

upgradient from the WSA and because it is a catchment for a large area of runoff.

Sample locations are illustrated on Plate 1.

2.1.1 Soil Sampling

Twenty-four soil probes were driven to collect samples of surface and subsurface

soils (Horizons A and B, respectively). Locations were selected based on the

presence of soil and the absence of potential source areas. If possible, samples were

collected at both depths at each location. In some cases Horizon A and B samples

were not collocated either because soil Horizon A or B was not encountered or

because the sampling tool encountered shallow refusal.

Sample locations were adjusted from the planned locations described in the Work
—

Plan (Jacobs 1996a) to adjust to field conditions and circumstances. Plate I shows

the locations of the soil probes and the horizons sampled at each location.

The purpose of collecting surface-soil samples is to establish windblown or fall-out

constituent background concentrations. The purpose of collecting subsurface soil

I:CARSWELL\05G47900\WP\WSA'SEC2 nbc i Final
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samples is to detect any contaminants that have leached from the surface into the

vadose zone via infiltration.

—

2.1.2 Groundwater Sampling

To establish background concentrations, two monitoring wells were installed

upgradient of the WSA to sample groundwater unaffected by activities at the WSA.

Each of the two new wells and an existing private well were sampled five times over

a 10-week period. Additionally, to confirm the previously detected radium

concentrations in the onsite water supply wells and to allow for a snapshot

comparison of site concentrations to background concentrations, the two onsite water

supply wells were each sampled twice.

The Work Plan also called for sampling shallow groundwater. Several attempts were

made to locate shallow groundwater in the areas upgradient and downgradient from

the waste storage area, and immediately upgradient from water supply well

XTJ3212-902. In each case a Geoprobe was driven to refusal at depths from 4.0 to

7.5 feet without encountering groundwater. Boring BJETA93O, originally driven to

refusal to 7.5 feet with the Geoprobe was continued using the hollow-stem auger rig.

where refusal was again reached at 12 feet without encountering groundwater.

2.1.3 Surface Water Sampling

One surface water sample was collected from a small pond located within the buffer

zone as shown on Plate 1. The purpose of the surface water sample was to investigate

whether the source of radium in the supply wells was surface water infiltrating along

the well casing and into the groundwater, and to provide an indication of naturally

occurring concentrations; however, a single sample is not sufficient for establishing a

background concentration.

\CARSWtLLOG479OO\WP\WSA\SEC2.DOC 115198 Final
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2.2 SAMPLING AND DATA COLLECTION

Sampling and data collection activities were performed in accordance with the Work

Plan (Jacobs 1 996a) and the Sampling and Analysis Plan (Jacobs I 996b) with minor

variations. Surface soil, subsurface soil, and Paluxy aquifer groundwater samples

were collected to determine background concentrations in these media. A single

surface water sample was also collected. Field activities are described in the

following sections.

2.2.1 Soil Probe and Borehole Logging

—

During soil probe, hollow-stem auger, and rotary borehole drilling, drilling

information, sample intervals, and sample descriptions were recorded on borehole

logs (Appendix C).

Where soil core recoveries were adequate, samples of unconsolidated soils were

described continuously using the Unified Soil Classification System according to the

American Society for Testing and Materials (ASTM) procedure D2488-93 (ASTM

1996). When bedrock was encountered, the lithology was described according to

standard professional nomenclature (Jacobs 1996b).

2.2.2 Soil Probe Sampling

Soil samples were collected at the locations illustrated on Plate I using a truck-

mounted direct-push soil probe rig. Soil samples were collected from soil probes for

submittal to Paragon Analytics, Inc. and EMAX Laboratories, Inc., to determine

concentrations of radium and TPH, respectively. Drive probes were completed by

hydraulically pushing and hammering samplers into the ground. A 4-foot-long by

2-inch-diameter sampler fitted with a plastic liner was used to collect the samples.

Three-foot-long drive rods were added to the drive string as necessary to reach the

target depth for each probe.
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The plastic liner was removed from the sampler with the soil core inside the liner.

The soil was examined to determine whether the Horizon A was intersected. The soil

representing the Horizon A to the 2-foot depth was removed from the plastic liner,

logged, and placed in a stainless steel bowl. In some drive probes, Horizon A was

less than 2 feet thick. In these cases, the Horizon A was collected to its total depth.

Additionally, the thickness of the Horizon A occasionally was not adequate to provide

enough sample volume for the analyses, and a second probe within 6 inches of the

original was necessary to provide enough sample volume. After an adequate amount of

sample was collected, the soil was then mixed in the bowl, and large pieces of gravel

were removed. The soil samples collected for radium and TPH analyses were placed in

8-ounce and 4-ounce jars, respectively, labeled, and placed in an iced cooler.

After the Horizon A soils were collected, the remaining core in the first 4 feet was

examined to determine whether the Horizon B had been encountered. If Horizon B

had not been encountered, or there was not a sufficient amount of material for a

Horizon B sample, a second 4-foot-long sample probe was driven. If the Horizon B

was encountered in the soil probe, a soil sample was collected for radium and TPH

analysis as previously described.

Soil probe horizons sampled, sample depths, and analyses performed are depicted in

Table 2-1. Photographs in Appendix F show some aspects of the soil probe activities.

2.2.3 Groundwater Monitoring Well Installation

Two Paluxy aquifer groundwater monitoring wells were installed for background

sampling. The wells, WJEPX925 and WJEPX926, were installed to the west of the

WSA boundary fence as depicted on Plate I. Both wells were drilled with a Gardner

Denver 1500 mud rotary rig with a 7 7/8-inch drill bit. During drilling, a coring tool

was used to collect rock core whenever the rock was competent enough for core

recovery. Samples from three intervals were submitted to Enviro Tech Services, Inc.

for geotechnical analyses, as presented in Section 1.2.3. The boreholes were drilled

to the top of the Glen Rose Formation.
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TABLE 2-1

Summary of Sample Locations, Intervals, and Analyses Performed
Weapons Storage Area Background Study

Sample Location

Soil Horizon A Soil Horizon B

Groundwater Surface Water

Sample
Interval
(feet) Analyses

Sample
Interval
(feet) Analyses

BJETA9OI 0 - 2 Radium & TPH
BJETA9O2 0-2 Radium & TPH 2-4 Radium & TPH
BJETA9O3 0-2 Radium & TPH 2-3 Radium & TPI-1
BJETA9O4 0 -2 Radium & TPN
BJETA9O5 0 -2 Radium & TPH 5.5-7 Radium & TP1-$
BJETA9O6 0 - 1.5 Radium & TPI-1 1.5- 3 Radium & TPH
BJETA9O7 0- 1 Radium & TPH 3 -4 Radium & TPH
BJETA9O8 0- 1 Radium & TPH 3-4 Radium & TPH
BJETA9O9 0- 1 Radium & TPI-1 3-4 Radium & TPH
BJETA91 0 0- 1 Radium & TPH 4 -6 Radium & TPI-I
BJETA911 3-4 Radium&TPN
BJETA912 0 -0.6 Radium & TPH 3-4 Radium & TPH
BJETA913 0-1.1 Radium&TPH 6-8 Radium&TPH
BJETA91 4 0- 0.68 Radium & TPH 2 -4 Radium & TPH
BJETA915 0-0.85 Radium Only 2-4 Radium & TPH
BJETA916 0-0.85 Radium &TPH
BJETA917 0- 1 Radium & TPH 4-6.3 Radium & TPH
BJETA918 0-0.5 Radium & TPH 2- 3.5 Radium & TPH
BJETA919 0-0.75 Radium &TPH 0.75-2 Radium &TPH
BJETA92O 0 -0.4 Radium & TPH 0.4 - 1.5 Radium & TPH
BJETA921 2 - 3 Radium & TPH
BJETA922 0- 1 Radium & TPH 2-3 Radium & TPI-I
BJETA923 2-3 Radium & TPH
BJETA924 0 - 1 Radium & TPH 1.5- 2.5 Radium & TPH

RUDYSWELL Radium & TPI-12

WJETA925 Radium & TPI-12

WJETA926 Radium & TPH 2

XU3212-901 Radium & TPH

XU3212-902 Radium &TPH
RUDYSPOND Radium & TPI-1

Notes:
1

= private well owned by Rudy Lambert
2 = background wells sampled five times - twice with bailer, three times with bladder pump

= Weapons Storage Area water supply wells sampled twice
Radium = Radium-226 and -228 (Methods SW931 5 and SW9320, respectively)

TPH = total petroleum hydrocarbons (Method E418.1)

ICARSWELLVJ5G479OO\WP\WSA'SAMPINFO.XLS 116/98
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Wells were then constructed using clean 4-inch schedule 40 polyvinyl chloride (PVC)

riser and screen with 0.020-inch slots. Centralizers were placed near the top of each

20-foot section of casing before placement into the borehole. After the well screen —

and riser was inserted in the borehole, a 16/30 graded sand was placed in the annular

space between the inside of the hole and the well casing from the bottom of the

borehole to a depth approximately 4 feet above the top of the screen. As the sand was

placed, measurements were made to ensure the sand was not bridging to reduce void

development. After the sand was placed, the well was surged for 10 minutes to

compact the sand pack and eliminate any possible bridging. The top of the sand level

was measured after surging and more sand was added as necessary.

After the sand pack was placed, a bentonite seal at least 6 feet thick was placed above

the top of the sand pack. The remainder of the annular space was filled with a

bentonite-cement grout pumped from the top of the seal to the surface. To complete the

well construction, a 6-foot by 6-inch protective casing was installed and a 3-foot by

3-foot by 4-inch concrete pad was constructed. Appendix D presents well construction

diagrams, which show the details of each well constructed. Additionally, photographs

of the drilling and the well installation process are provided in Appendix F.

2.2.4 Monitoring Well Development

Well development was initiated within approximately 24 hours after well completion.

The wells were developed using air lift. In air-lift development, air is injected into

the well by way of a pipe lowered to the bottom of the well. Air is pumped through

the pipe by a compressor on the surface, raising the water column. When the water

column reaches the surface, the air supply is shut off, allowing the water column to

fall. This procedure effectively uses the column of water as a surge block, inducing

pressure changes within the well and groundwater movement through the screen and

sandpack. Occasionally, the air supply was kept on so that the water column was
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forced out of the well, allowing recharge from the aquifer. Well development

continued on each well until the following criteria were met:

• The sediment content of the water was less than 0.75 milliliter per liter (mL/L), as
measured in an Imhoff cone in accordance with Method E160.5.

• The turbidity remained within a range of about 10 nephelometric turbidity units
for at least 30 minutes.

• The stabilization criteria for pH, temperature, and conductivity were met.
(Stabilization is defined as temperature plus or minus [±] one degree Celsius
[10 C], pH 0.1, and conductivity 5 percent).

After well development activities were completed, approximately 72 hours passed

before the new monitoring wells were sampled.

2.2.5 Groundwater Sampling

Groundwater was sampled using two methods. The first method employed was to

rapidly purge three well volumes of water from the well and collect a groundwater

sample with a bailer. The second method employed was a low-stress sampling

protocol (EPA 1996) for the collection of groundwater samples. The first method

only was used to collect both samples from the onsite water supply wells. Both

methods were used to collect samples from the newly installed background

monitoring wells. The private background well was purged and sampled via the

dedicated pump installed in the well.

The method used for the background wells was changed from purge and bail to a low-

stress method when it was calculated that it would be necessary to wait nearly 90 days

between samples to obtain an independent sample. The parameters necessary to calculate

an accurate groundwater velocity (survey data, effective porosity, and hydraulic

conductivity) were not available until after the second round of sampling. The sampling

method was changed to a low-stress method so that all samples could be collected within a

I:CARSWELL\05047900\WP\WSA\SEC2DOC I Final
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reasonable amount of time. Using the low-stress method, it was determined that two

weeks between samples would be adequate to obtain independent samples.

2.2.5.1 Sampling Groundwater Using Bailer Technique

Before beginning to purge the well, a total depth of the well was measured using a

sounding device used for groundwater level measurements. The casing volume was

calculated to determine the proper purge volume. Three casing volumes of water

were then removed from the well using a Grundfos® RediFlo II submersible pump.

After each purge volume was removed, groundwater quality measurements were

collected. When three casing volumes had been removed and the water quality

parameters stabilized as defined in Section 2.2.4, samples were collected for analyses

of radium and TN-I according to procedures detailed in the Sampling and Analysis

Plan (Jacobs I 996b). Field parameter measurements for bailer-collected samples are

given in Table 2-2.

2.2.5.2 Low-Stress Aquifer Sampling

The EPA guidance for low-stress sampling (EPA 1996) was followed to sample

groundwater for rounds 3, 4, and 5 at background wells WJEPX925 and WJEPX926.

A dedicated bladder pump was used to perform the low-stress purging and sampling.

The bladder pump was constructed of PVC and was fitted with polyethylene tubing

using compression fittings where necessary. The bladder itself was made of

TeflonlM, which aided decontamination procedures. The appropriate length of tubing

was measured before inserting the pump into the well. The pump was slowly and

carefully lowered to the target depth. To aid future sampling, the installation included

a well cap with a compressed air inlet, a groundwater discharge tube, and a "freeze

protection" inlet that allows for evacuating the top 10 feet of tubing. After the
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pump was placed at the target depth (approximately 30 feet into the groundwater), the

well was left to equilibrate at least 24 hours before sampling.

To sample the wells, either a gas powered compressor or bottled compressed nitrogen,

flowing through a control box, was used to activate the bladder pump. The pump was

turned on and the flow rate was adjusted. Flow rates for purging were generally set at

approximately 200 milliliters per minute. Purge rates were dictated primarily by the

amount of drawdown observed in each well. Drawdown was not allowed to exceed

0.31 foot. While purging was being performed, groundwater quality parameters were

collected using a Horiba® Water Checker U- 10. The parameters of pH, temperature,

conductivity, dissolved oxygen, and turbidity were measured. Samples were

collected after these parameters stabilized as defined by the following:

• The temperature did not vary more than C.

• The pH did not vary more than units.

• Conductivity did not vary more than percent.

These groundwater quality parameter results are presented in Table 2-2. Samples

were collected through the tubing end at the surface by decreasing the pumping rate to

less than 100 mL per minute. Then the sampler filled sample bottles from the tubing,

being careful to minimize sample disturbance. Photographs in Appendix F illustrate

aspects of the low-stress groundwater sampling set-up.

2.2.6 Surface Water Sampling

The single surface water sample was collected in accordance with the procedures in

the Sampling and Analysis Plan (Jacobs 1996b). Surface water was collected from a

small pond located northwest of the WSA just outside of the buffer zone easement

(Plate 1). The sample was collected from the east end of the pond near a small outlet.
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Water was collected in a polypropylene beaker and transferred to the appropriate

sample bottles. Samples were submitted to the appropriate laboratories for analyses

— ofradium and TPH. The purpose of the surface water sample was to investigate if the

source of radium in the supply wells was surface water infiltrating along the well

casing and into the groundwater, and to provide an indication of naturally occurring

concentrations; however, a single sample is not sufficient for establishing a

background concentration.

2.3 CHEMICAL ANALYSES

Samples of soil and groundwater were analyzed to provide data for characterization of

background concentrations of radium and TPH at the WSA.

2.3.1 Radium

Radium analyses included total alpha-emitting radium (SW93 15) and Radium-228

(SW9320). Method SW93 15 measures Radium-226 after correcting for ingrowth of

Radium-226 daughters between the time of separation and counting. Because radium

is naturally occurring, the development of background concentrations will be useful in

determining the disposition of the water supply wells.

2.3.2 Total Petroleum Hydrocarbons

The background sampling also included analyses for total petroleum hydrocarbons

(Method E418.1).
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(intentionally blank)
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3.0 DATA QUALITY

This section summarizes the quality of analytical and radiochemistry results derived

from samples taken for this background study. Definitive data were produced in

accordance with the documented and approved methods described in the Sampling and

Analysis Plan (Jacobs 1 996b). The data were managed within the following data

packages, or sample delivery groups (SDGs), produced by Paragon Analytics, Inc., Fort

Collins, Colorado (radiochemistry) and EMAX Laboratories, Inc., Torrance, California:

Organic Chemistry (TPH packages -- EMAX

96K042 96K047

96K065 97C025

97C075 97D029
97D132 97E078

Radiochemistry (alpha-emitting radium and Radiurn-228) packages --Paragon

96-11-057 96-11-073
96-11-097 97-02-125

97-03-046 97-03-133

97-04-046 97-04-213
97-05-132

Cumulatively, the stated packages consisted of approximately 62 environmental

samples (soil and water) plus associated field and laboratory quality control (QC)

samples. The samples were collected at the WSA from November 1996 through May

1997 and shipped to the aforementioned laboratories for the following contaminant

analyses (methods): TPH (EPA E418.1), alpha-emitting radium isotopes (SW9315),

and Radium-228 (SW9320).

S
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A combination of hard copies and digital data, which make up the data package in total,

were compared against the data validation criteria stated in the project-specific

Sampling and Analysis Plan (Jacobs 1996b: Section 7.0 and Appendix A). The

validation criteria generally included the following controls, with variations depending

on whether the package covered radiochemistry or organic chemistry:

ACCURACY

Calibrations — initial and continuing

Laboratory Control Samples/Spikes (LCS)

Matrix Spikes (MS)

Relative Standard Deviation (%RSD)

Blanks (method, equipment)

Chemical Yield (radionuclides)

Counting Time (radionuclides)

Sensor Efficiency (radionuclides)

Correction for Ingrowth Daughters (radionuclides)

PRECISION

Laboratory Replicates (radionuclides)

MS Duplicates (MSD)

Field Duplicates

REPRESENTATWENESS

Sample Chain of Custody

Holding Times and Preservation

Work Plans

COMPARABILITY

Standard Operating Procedures (SOPs)

established analytical methods

COMPLETENESS

samples (environmental, QC)

Data Packages (forms, run logs, extraction logs, etc.)
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Validation criteria also invoked EPA Level III quality requirements (EPA 1 994a and b),

particularly with respect to evaluating blank data, where the industry standard "5x" (5

times) and "1 Ox" (10 times) rules are defined for assessing whether blank contamination

is significant.

Validation criteria were evaluated with respect to both frequency and acceptability of

the test measures. Checklists were composed and compiled with the data package hard

copies to document details of the validation process. Additional backup documentation

included in the original data packages provided by the laboratories, but not included in

this report's appendices, consist of raw data, bench sheets, run logs, calibrations (initial

and continuing), and daily instrument checks.

The following discussions of the data quality are categorized by the type of analytical

method, which serves as the title for each section. General quality issues are addressed,

with references to specific data packages, samples, and analytes as needed. For those

sample results that do not meet all QC criteria, validation qualifiers are assigned (data

points are "flagged"); these qualifications of the data ensure that data users are aware of

the data's limitations.

All data referenced by this report should be considered valid and usable for this WSA

background study, with qualifications described in the narrative that follows and the

validation qualifiers ("flags") applied within the digital data files.

3.1 TOTAL RECOVERABLE PETROLEUM HYDROCARBONS
(EPA METHOD E418.1)

The hydrocarbons analyzed by EPA Method E4l 8.1 are also referred to as "Total Fuel

Hydrocarbons" (TFH) in the associated electronic data deliverable (EDD).

—-
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3.1.1 Accuracy

In general, calibration results were within the required frequencies and tolerances.

Initial calibrations were established with five-point curves and continuing calibrations

implemented every 10 samples. The initial and continuing calibrations performed were

adequate based on percent relative standard deviation and percent difference values

within tolerances of less than 1 0 percent, respectively, with one exception noted below.

These QC measures differ slightly from the AFCEE flagging criteria, which specif' a

minimum correlation coefficient (greater than or equal to [ 1 0.995) for the initial

calibration and a maximum (10 percent) difference relative to changes in the response

factor; nonetheless, calibrations for the method are adequate based on the controls

provided by the laboratory.

Exceptions to the calibration criteria noted above were constituted by samples in SDG

97E078, where continuing calibrations yielded percent difference values from 11 to 12

percent (on the high side of the standard). Whereas these calibration results might

possibly bias results to higher than actual values, there was no impact on sample results

because results for the affected samples (CR-A163101, CR-A163l02, and CF-

Al63301) were all nondetects.

LCS (or blank spike) results were satisfactory based on adequate frequency of

performance and percent recoveries within QC tolerances for both soil and water

matrices (approximately 101 percent 40 percent for water, 101 percent 50 percent

for soil).

MS results, which are used to reflect bias due to matrix effects, were adequate based on

frequency of performance and values within specified QC tolerances (as above).

No contaminants were detected above practical quantitation limits (PQLs) in blank

samples; therefore, cross-contamination of equipment or false positives are not a

concern for this study.
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3.1.2 Precision

Precision results were determined by comparisons within the following pair-groupings:

LCS/LCSD (LCS duplicates), MS/MSDs, and field duplicate values. All input values

were calculated and compared against relative percent difference (RPD) tolerances, and

all RPD values were within tolerance. MSIMSD comparisons using RPD values are

less than 30 percent for waters and less than 50 percent for soils. Field duplicate pairs

yielded nondetects, therefore, RPD values are not applicable, but the results are

reproducible.

3.1.3 Representativeness

Chain of custody was intact for all samples based on completed custody forms and

intact sample packages received, documented, and maintained by the offsite laboratory.

Preservation and analysis was satisfactory with respect to required holding times.

Sample locations were in accordance with the project-specific Sampling and Analysis

Plan and associated standard operating procedures (Jacobs I 996b). Therefore, samples

are representative of the media and locations described in the Sampling and Analysis

Plan.

3.1.4 CompLeteness

The data set for TPH achieves the completeness goals of greater than 90 percent for

soils/sediments and greater than 95 percent for waters based on no rejection of data

results provided by the laboratory, as well as collection of all samples specified in the

Sampling and Analysis Plan (Jacobs 1 996b).

Quality records produced from this analytical method are contained within the data

packages and provide adequate documentation for the validation process described

herein. The records are complete with respect to the validation criteria, with the
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exceptions of calibration records for SDG 96K065, which were not submitted by the

laboratory.

3.1.5 Sensitivity

Method detection limits (MDLs) were well below the required PQLs listed in the

project-specific Sampling and Analysis Plan (Jacobs I 996b: I part per million [ppm]

for waters, 30 ppm for soils). Reporting limits by the laboratory were equivalent with

AFCEE requirements (I ppm for waters, 30 ppm for soils [normalized to dry weight]).

with the exception of packages 96K042, 96K047, and 96K065, where PQLs were 2.0

milligrams per liter (mgtL) for water.

3.2 RADIUM, TOTAL (EPA METHOD SW9315)

3.2.1 Accuracy

Calibrations were performed as daily instrument checks on the gas flow proportional

counting equipment, specifically in determining instrument efficiencies, using a

Radium-226 standard traceable to the National Bureau of Standards (now National

Institute of Standards and Technology [NIST}). The same type and mass of barium

carrier (BaSO4) was used for each calibration, as directed in Method SW93 15.

Chemical recoveries for the Barium precipitate were consistently greater than 50

percent, with final results corrected for percent recovery and progeny ingrowth (as a

function of time between final precipitation and initiation of counting time).

LCS analyses were performed at adequate frequencies (l :10 ratio of LCS to

environmental samples) and with adequate percent recoveries (within two standard

deviations of the reference, as defined through laboratory-specific control charting).

Although spike values were greater than 30 times the reporting limits (0.5 picocurie per

gram [pCi/g] for soils and I picocurie per liter [pCi/L] for waters), values measured near

the reporting limit are not believed to be significantly biased.
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MS samples, which are used to reflect bias due to matrix effects, were sampled and

analyzed within laboratory QC tolerances; quality control limits for MSs were not

required nor specified in the Field Sampling Plan (Jacobs 1 996b).

Total alpha-emitting radium was not detected above the required reporting limits (or

minimum detectable activities, stated above) in any of the blank samples.

3.2.2 Precision

Precision results were determined by comparing the results of replicate (or duplicate)

values within a "Duplicate Error Ratio" (DER), which invokes statistical measures of

error in the comparison, in contrast to a RPD value, which is poorly suited for

measuring radiochemistry (stochastic) precision. The equation for DER is given below,

where the critical value separating acceptance or rejection is 1.42. The QC limit of 1.42

is an empirical value based on laboratory-specific control-charting within 2 sigma (r)

(equivalent to a confidence level of approximately 95 percent, as to whether the

— compared results are statistically the same [<1.42] or different [>1.421).

IS-DI
DER=

2'kc2+,2)
where: S = Sample activity

D = Duplicate (or Replicate) activity
= Total Propagated Uncertainty of the sample

y= Total Propagated Uncertainty of the duplicate (or replicate)

Precision results and analysis frequencies for both laboratory replicates (reflecting

precision in the analytical process) and field duplicates (reflecting overall project

precision) were satisfactory, based on DER calculations for seven field duplicate pairs

and nine laboratory replicate pairs.

1:CARSVELL\O5G479OO\WPWSA\SEC3DOC 1f5/98 Final
37 Recycled



3.2.3 Representativeness

Chain of custody was maintained for all samples based on completed custody forms and

laboratory receipt inspection forms. Preservation of samples was satisfactory based on

the use of required preservatives and temperatures and analyses within required holding

times. Sample locations were in accordance with the project-specific Sampling and

Analysis Plan and associated standard operating procedures (Jacobs 1 996b). Therefore,

samples are representative of the media and locations described in the Sampling and

Analysis Plan.

3.2.4 Completeness

No sample results were rejected and all samples were collected and analyzed at the

required frequencies. Therefore, data quality objectives (DQO5) for the project's

completeness were achieved: >95 percent for water and 9O percent for soils.

Quality records produced from this analytical method(s) are contained within the data

package and provide adequate documentation for the validation process described

above. The records are complete with respect to the validation criteria.

3.2.5 Sensitivity

Reporting limits, also known as PQLs (or Minimum Detectable Activity [MDAs for

radionuclides), were at or below the required PQLs listed in the project-specific

Sampling and Analysis Plan (Jacobs 1996b), given a basis of a lx dilution factor and

dry weight for soils. Generically, increase in moisture content (soils or sediment) can

raise detection limits for soil/sediment matrices, whereas dilution factors greater than 1

will increase detection limits for any matrix type.

3.3 RADIUM (RADIUM-228), (EPA METHOD SW9320)

This isotope of Radium-226 was analyzed by gas-proportional counting. Method

E90 1.1, a gamma spectroscopy technique, was used for only two samples, where
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confirmation was desired for samples in SDG 97-02-125, based on problems with the

original sample precipitates. The original sample results were confirmed.

3.3.1 Accuracy

Calibrations were performed as daily instrument checks on the gas-flow proportional

counting equipment, specifically in determining instrument efficiencies, using a

Strontium-89 standard traceable to NIST. Self-absorption curves were not necessary

based on an estimated maximum beta attenuation correction (over the full range of

potentially observable precipitate masses) of less than 3 percent; further, the total

propagated uncertainty (TPU) value encompasses this and other sources of calibration

uncertainty in the method.

LCS analyses were performed at adequate frequencies (?l :10 ratio of LCS to

environmental samples) and with adequate percent recoveries (within two standard

deviations of the reference, as defined through laboratory-specific control charting) with

the exceptions noted below. Although spike values were slightly greater than 30 times

the reporting limits (0.5 pCi/g for soils and I pCi/L for waters), values measured near

the reporting limit are not believed to be significantly biased.

Four samples were rejected (qualifier "R") due to low LCS recoveries:

CR-A 157507 (equipment blank, water);

CR-Al 57508 (equipment blank, water);

CR-Al 57907 (equipment blank, water); and

CR-Al 57706 (soil sample, environmental, and matrix spike).

For enviroimiental samples associated with the rejected blanks, there is no quality

impact when the results of the environmental samples are nondetects, as the blank

samples control potential positive bias (alpha error), not negative bias (beta error). The

greatest value of any associated environmental samples was 1.5 pCi!g, a relatively

minor quantity at only three times the reporting limit (0.5 pCi/g). Any unquantified
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blank contamination resulting from the rejected blank data would not have biased

environmental samples by more than 1.5 pCi/g. Also worth emphasizing is that

Radium-228 blank contamination was not detected in any other equipment blanks or

laboratory blanks, suggesting that processes in place to control cross-contamination

were satisfactory. Therefore, environmental sample results (with detections) associated

with the blanks in question were not qualified as estimates, but are listed below.

Sample ID Result Sample ID Result
(pCi/2) (pCi/g)

CR-A15900l 1.47 CR-Al58007 1.03

CR-A159002 1.17 CR-A158101 1.45

CR-A158001 1.11 CR-Al58l02 1.16

CR-A158002 0.90 CR-Al58l04 0.60

CR-A157606 0.55 CR-A158105 1.39

CR-A157704 1.24 CR-Al58l06 0.78

CR-A157501 0.51 CR-A157901 1.35

CR-A157505 0.82 CR-A157903 1.03

CR-A157506 0.7 CR-A157904 1.21

CR-A158003 1.04 CR-A157905 1.10

CR-A158004 0.87 CR-A157906 1.08

CR-Al58006 0.59

MS samples, which are used to reflect bias due to matrix effects, were sampled and

analyzed within laboratory QC tolerances; QC limits for MSs were not required nor

specified in the Sampling and Analysis Plan (SAP) (Jacobs 1996b).

3.3.2 Precision

Precision results were determined by comparing the results of replicate (or duplicate)

values within a DER, which invokes statistical measures of error in the comparison, in

contrast to a RPD value, which is poorly suited for measuring radiochemistry

(stochastic) precision. The equation for DER is given in Section 3.2.2, where the

critical value separating acceptance or rejection is 1 .42. The QC limit of 1.42 is an
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empirical value based on laboratory-specific control-charting within 2 sigma (equivalent

to a confidence level of approximately 95 percent, as to whether the compared results

are statistically the same [<1.42] or different [>1.421).

Precision results and analysis frequencies for both laboratory replicates (reflecting

precision in the analytical process) and field duplicates (overall project precision) were

satisfactory, based on DER calculations for six field duplicate pairs and seven

laboratory replicate pairs.

3.3.3 Representativeness

Chain of custody was maintained for all samples based on completed custody forms,

laboratory receipt inspection forms, and tamper seals on shipping containers.

Preservation of samples was satisfactory based on the use of required preservatives and

temperatures and analyses within required holding times. Sample locations were in

accordance with the project-specific Sampling and Analysis Plan and associated

standard operating procedures (Jacobs 1 996b). Therefore, samples are, representative of

the media and locations described in the Sampling and Analysis Plan.

3.3.4 Completeness

— Although one environmental sample result and three QC sample results were rejected

due to inadequate blank spike recoveries, the overall completeness of the data set for

Radium-228 is satisfactory. Loss of one environmental sample reduces the

completeness of the environmental data set from 100 percent to 98 percent (45 of 46

samples) for soils, which is satisfactory. Environmental water samples were 100

percent complete.

All QC samples were complete except equipment blanks, where three of eight (37

percent) were rejected. As discussed in Section 3.3.1, this disparity does not impact

environmental samples with nondetect values (values at less than the reporting limit),

and the potential impact on positive detections is relatively minor (<1.5 pCi/g).

U,CARSWELL\O5G479OOWP\WSA\SEC3 .DOC 1/5/98 Final
31 1 Recycled



Therefore, although a significant portion of equipment blanks were rejected, the impact

on the environmental sample results is minimal.

Quality records produced from this analytical method(s) are contained within the data

package, and provide adequate documentation for the validation process described

herein. The records are complete with respect to the validation criteria.

3.3.5 Sensitivity

Reporting limits, also known as PQLs (or MDAs for radionuclides), were at or below

the required PQLs listed in the project-specific Sampling and Analysis Plan (Jacobs

1996b), given a basis of a lx dilution factor and dry weight for soils. Generically,

increase in moisture content (soils or sediment) can raise detection limits for

soil/sediment matrices, whereas dilution factors greater than I will increase detection

limits for any matrix type.
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4.0 BACKGROUND CHARACTERIZATION

To assess whether the concentrations of total radium detected in onsite wells

XU32 12-901 (located within Building 8504) and XU32 12-902 (located within Building

8502) are attributable to site activities at the WSA or are naturally occurring background

concentrations, it is necessary to compare the concentrations detected in site

groundwater with the concentrations in background samples. The TI method was used

to estimate reasonable background concentrations. According to the TI method (EPA

1989, 1992), the concentration of a given constituent in a given medium is expressed as

an appropriate UTL of the distribution of the constituent in the background data

population. A UTL is generally expressed in terms of confidence and coverage levels,

so that it can be said with a specified level of confidence that the UTL indicates the

concentration of the constituent below which a specified proportion of the background

data distribution will occur. Thus, a UTL with 95 percent confidence and 95 percent

coverage (UTL9595) is the value that we can say, with 95 percent confidence, will exceed

95 percent of the background data. Any site value greater than the UTL has only a 5

percent probability of being drawn from the background data population, and thus may

indicate the presence of site-related constituents.

UTLs (and other statistical properties) were determined for Radium-226, -228, total

radium, and TPH for groundwater as well as surface and subsurface soil. The purpose

of sampling surface soil is to establish windblown or fallout background

concentrations, while the purpose of sampling subsurface soil is to detect

contaminants that may leach from the surface soils via infiltration.

A total of 21 surface soil, 21 subsurface soil, and 15 groundwater samples were

collected to characterize these media for background concentrations. Additionally,

each of the onsite water supply wells were sampled to confirm the earlier radium

detections, and to allow for a snapshot comparison of site concentrations to

background concentrations.
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The 15 groundwater samples were collected by sampling the three background wells

five times over a 10-week period. As mentioned in Section 2.2.5, the method used to

sample the background wells was changed from purge and bail to a low-stress method

when it was calculated that it would be necessary to wait nearly 90 days between

samples to obtain an independent sample. It was determined that, using the low-stress

method, two weeks between samples would be adequate to obtain independent

samples. Subsequent review of the results indicates that there is no reason to reject

any of the data because the distribution of the data does not indicate any lack of

independence between sampling rounds.

4.1 STATISTICAL PARAMETERS OF BACKGROUND DATA SETS

The following statistical parameters were defined for each constituent:

• Frequency of Detection — The frequency of detection is reported.

• Range — Minimum and maximum observed values are reported.

• Mean — The arithmetic mean is reported.

• Standard Deviation —The sample standard deviation is reported.

• Upper Tolerance Limit — The UTL9595 value is reported.

• Outlier Identification — Potential outlier values are identified but not removed
from the data set unless rejected by the data validation process.

The statistical analyses applied were drawn from the following references:

• Statistical Analysis of Ground-Water Monitoring Data a! RCRA Facilities:
Interim Final Guidance (EPA 1989);

• Statistical Analysis of Ground-Wa(er Monitoring Data at RCRA Facilities:
Addendum to Interim Final Guidance (EPA 1992); and

• Manual for Conducting Radiological Surveys in Support of License Termination.
(U.S. Nuclear Regulatory Commission 1992).
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4.2 PROCEDURES

The data for a given constituent were analyzed according to the procedure outlined in

Figure 4-1. The frequency of nondetects in the data set was calculated first. Unless

the frequency of nondetects exceeded 50 percent, lognormality and normality of the

data set were tested using graphical and formal calculation tests. Various statistical

parameters were then calculated using formulas appropriate for the apparent

distribution of the data set. In particular the UTL9595 was calculated as the value that

we can say, with 95 percent confidence, will exceed 95 percent of the background

data. If the frequency of nondetects exceeded 50 percent, or the distribution of the

data set could not be demonstrated to be either normal or lognormal, then

nonparametric estimates of the UTL were determined (typically the highest value in

the data set). If the frequency of nondetects was between 15 and 50 percent,

appropriate adjustments to the calculated statistical parameters were used to account

for the nondetects.

The following sections discuss in greater detail the methods used to calculate UTLs

and other statistical properties of background data sets.

4.2.1 Nondetects

Data that were reported at less than a detection level (i.e., nondetects) were treated

differently depending on the frequency of nondetects. If the frequency of nondetects

was less than 15 percent, the nondetects were replaced by one-half of the analytical

method detection limit (EPA 1989, 1992), statistics were calculated, and statistical

tests conducted using the data set with these replacement values. If the frequency of

nondetects exceeded 50 percent, but was less than 100 percent, the nonparametric

UTL was selected as the highest value in the data set (EPA 1989, 1992). In cases

where the highest value was identified as a potential outlier, the second highest value

was chosen as the UTL. If the frequency of nondetects was 100 percent, then the

UTL was designated as the nondetect with the highest detection limit.

I:CARSWELL\O5G479OOWP\WSA\SEC4.DOC 115/98 Final

43 Recycled



It' ,ALJ,,n;

FIGURE 4-1

Weapons Storage Area Background Study
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If the frequency of nondetects was between 15 and 50 percent, then the calculated

statistics were adjusted for the presence of nondetects. Two adjustments are possible,

depending on whether it appeared that the nondetects more likely represent zero

values (i.e., the constituent is not present in the sample), or represent the presence of

— the constituent but at values less than the detection level. These adjustments are

discussed further in Section 4.2.4.

Since total radium was calculated by adding the Radium-226 result and the

Radium-228 result, the frequency of nondetects for total radium was assumed to be

0 percent.

4.2.2 Normality

The calculation of statistical parameters, and in particular the UTL, is affected

significantly by the population distribution of the data set. Both formal and graphical

statistical tests have been applied to assess normality. The general process is outlined

in Figure 4-1.

To assess the population distribution of the data sets, each set was first addressed

using a formal test for normality. Probability plots of the raw and log-transformed

data were generated for some analytes to provide a graphical indication of whether the

data distribution was normal or lognormal.

For the calculated statistical test of normality, it was first assumed that the data were

lognormally distributed (EPA 1989, 1992). This assumption is based on the

observation that environmental data are commonly distributed lognormally (i.e.,

logarithms of the observed data are distributed normally). This may be because

environmental data are bounded by zero (i.e., negative constituent concentrations are

not possible), so the data sets are often skewed to the right, which is characteristic of a

lognormal distribution. Consequently, logarithms of the data were calculated before

the tests for normality were performed.

1\CARSWELL\05G47900\WVWSA\SEC4.DOC I (5198 Final
45 Rcyc]d



Let X1 represent the raw data, and let yj = 1n(x), where In is the natural or Naperian

logarithm. Let n be the statistical sample size (i.e., the number of data in the data set).

If n <50, then normality of the distribution of yj was tested by the Shapiro-Wilk test

(EPA 1989, 1992). If n > 50, then the alternate Shapiro-Francia test was applied

(EPA 1992). In each case for the WSA background study, the statistical sample size

n was less than 50, and the Shapiro-Wilk test of normality was applied.

The Shapiro-Wilk test is described in EPA (1992). To test for normality of the data, a

test statistic W is calculated as:

b
12

LsIn -1]

where:

b = (X(,_1) — X(,)) =

and X1 is the ith smallest ordered value;

a1 is a coefficient dependent on the sample size (n);

s is the standard deviation;

n is the number of samples; and

k is the greatest integer less than or equal to n
2

The null hypothesis of normality of the logs of the data was rejected if W was less than the

appropriate critical value (dependent on n) (EPA 1992: Appendix A). If normality of the

natural logs of the data was rejected, the test was repeated using the raw data X1 and the

standard deviation s of the raw data. If the null hypothesis of normality was also rejected

for the raw data, then probability plots of the raw and log-transformed data were examined

to determine whether the data distribution was more nearly normal or lognormal. When a

reasonable choice between normality and lognormality could still not be made, then a

nonparametric test is recommended to compare site data with background data, rather than

comparing site data to a background a single UU.
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4.2.3 Statistical Parameters

The following statistical parameters were calculated:

• frequency of detection;

• range;
• mean;
• standard deviation;

• UTL;and
• potential outlier statistic.

The calculation of these various parameters depends in part on whether the data set

has been judged to be normally or lognormally distributed.

The frequency of detection is a simple ratio of the number of values greater than the

MDL to the total number of samples in the data set. The range of the background

data set for a given constituent is reported as the minimum and maximum observed---,
values in the data set. These values do not depend on the shape of the distribution.

The mean x was calculated as the arithmetic mean of the data set

x = ( Xj )I n.

The standard deviation s was calculated as the sample standard deviation of the data

set

s = n Xj 2_ ( x )2]I[n (n - 1)]}h/2.

The UTL9595 was calculated as

UTL9595 = x + k s.
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where k is the tolerance factor for a one-sided normal (or lognormal) tolerance

interval with a minimum of 95 percent coverage, a 95 percent probability, and n

background observations.

For distributions that were determined to be lognormal rather than normal, the UTL

was calculated in the same fashion except that x was replaced by y (the mean of the

logarithms of the Xj) and s was replaced by S} (the standard deviation of the

logarithms of the xi). The resultant value of the UTL (designated UTLy) is the UTL

of the log-transformed data. The UTL for the raw data was then calculated as the

exponential function of the UTLy of the log-transformed data; i.e., UTI. =

exp(UTLy).

4.2.4 Adjustment for Nondetects

If the frequency of nondetects for a given data set was between 15 and 50 percent,

appropriate adjustments to the calculated statistical parameters were used to account

for the nondetects. Either Cohen's adjustment or Aitchison's adjustment was used, as

outlined in EPA (1992) and excerpted below:

Cohen's adjustment ... assumes that all the data (detects and nondetects)

come from the same Normal or Lognormal population, but that

nondetect values have been "censored" at their detection limits. This

implies that the [constituent] of concern is present in nondetect samples,

but the analytical equipment is not sensitive to concentrations lower than

the detection limit. Aitchison's adjustment ... is constructed on the

assumption that nondetect samples are free of contamination, so that all

nondetects may be regarded as zero concentrations...

To decide which approach is more appropriate ..., two separate

Probability Plots can be constructed. In [the first] method, the

combined set of detects and nondetects is ordered (with nondetects being
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given arbitrary but distinct ranks) Normal quantiles ... are then

computed for the data set ... However, only the detected values and their

associated Normal quantiles are actually plotted. If the shape of the

Censored Probability Plot is reasonably linear, then Cohen's assumption

that nondetects have been "censored" at their detection limit is probably

acceptable ... If the Censored Probability Plot has significant bends and

curves ..., one might consider Aitchison's procedure instead.

To test the assumptions of Aitchison's method, a Detects-Only

Probability Plot may be constructed. [N]ondetects are completely

ignored and a standard Probability Plot is constructed using only the

detected measurements Thus, ... Normal quantiles are computed only

for the ordered detected values If the Detects-Only Probability Plot is

reasonably linear, then the assumptions underlying Aitchison's

adjustment (i.e., that "nondetects" represent zero concentrations ...) are

probably reasonable.

Cohen's Adjustment. If it was determined that Cohen's adjustment was appropriate,

the sample mean xd and sample variance s/ for only the data greater than the

detection limit were first calculated. Then two parameters h and y were computed as

h = (n - 1)/n

and

ys//( xd -MDL)2,

where I is the number of observations greater than the detection level, and MDL is the

method detection limit. Based on the values of h and y. a value X was determined

from a table in Appendix B of EPA (1989), and corrected values of the mean x and

standard deviation s were calculated by
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x= xd-.2(xd-MDL)

and

s =[s/ -4- X. ( Xd- MDL)2]"2

If the. distribution appeared to be lognormal rather than normal, the adjustment was

made using the mean and standard deviation of the logarithms of the detected values,

rather than Xd and sc/.

Aitchison's Adjustment. If it was determined that Aitchison's adjustment is

appropriate, the sample mean xd and sample variance S/ for only the data greater

than the method detection limit were first calculated. Let d = n - 1 be the number of

nondetects. Then the adjusted mean x and standard deviation s are given by

x=(1 -din) Xd

and

s = {[n - (d+ 1)] s2 /(n - 1) + [d(n - d) xj]1{n(n - l)]}l12.

If the distribution appeared to be lognormal rather than normal, then the adjustment

was made using the mean and standard deviation of the logarithms of the detected

values, rather than xd and sc!2.

4.2.5 Outlier Identification

The highest value (x) in each data set with a frequency of detection greater than 50

percent was subjected to a formal test as an outlier (EPA 1989). The mean x and

standard deviations of the entire data set were first calculated. A test statistic T, was

then calculated

T=(x- x)/s.

l.CARSWttLO5G479OO',PWSA,SEC4DOC I /5/98 Final

41 0 RcycIcd



ill

T was then compared to a critical value (dependent on n) (EPA 1989: Appendix B).

If 7',., was greater than the tabulated critical value, this provided evidence that X was

a statistical outlier and not truly a member of the background data set. However, X

was not rejected, modified, or otherwise excluded from the data set solely on this

basis. Only if the data validation process or other review of the data indicated some

problem with the datum (such as a transcription error or failure to account for

dilution) was any change made to the data set. The test for outliers merely identified

those data that might be outliers and for which additional data review may be

warranted.

4.3 BACKGROUND CONCENTRATIONS

Results of the background study, including percent of samples below the detection

limit, number of detects, minimum, maximum, mean, standard deviation, UTL, and

outlier identification, are listed in Table 4-1. The following sections briefly explain

the process by which background values were calculated for each medium based on

the Figure 4-1 flowchart for each analyte.

4.3.1 Soils

Surface (Horizon A) and subsurface (Horizon B) soils were evaluated separately.

4.3.1.1 Horizon A Soils

Radium-226, Radium-228, and Total Radium. Radium-226 was detected in 21 of 21

samples, and Radium-228 was detected in 11 of 21 samples. Because total radium

was calculated by adding the Radium-226 and Radium-228 results, the frequency of
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nondetects for total radium was assumed to be 0 percent. Based on the Shapiro-Wilk

test, the null hypothesis of normality was accepted for the log-transformed data for

both analytes (Appendix E). The mean and standard deviation are listed in Table 4-1

for the raw data. Because the null hypothesis of log-normality was accepted, a UTLy

based on the mean and standard deviation of the log-transformed data was calculated,

and the UTL was calculated as exp(TJTLy). No outliers were identified based on the

formal test of the log-transformed data.

Total Petroleum Hydrocarbons. TPH was detected in surface soil in 4 of 20 samples,

for a frequency of nondetects of 80 percent. For this analyte, the minimum value is a

nondetect at the lowest detection limit and the maximum value is the maximum

detected value. Mean and standard deviation were not calculated because data were

insufficient. The UTL was established as the highest detected value. No test for

outliers was performed because of the high number of nondetects.

4.3.1.2 Horizon B Soils

Radium-226 and Total Radium. Radium-226 was detected in 21 of 21 samples.

Since total radium was calculated by adding the Radium-226 and -228 results, the

frequency of nondetects for total radium was assumed to be 0 percent. Based on the

Shapiro-Wilk test, the null hypothesis of normality was accepted for the

log-transformed data for both analytes (Appendix E). The mean and standard

deviation listed in Table 4-1 are for the raw data. Because the null hypothesis of log-

normality was accepted, a UTLy based on the mean and standard deviation of the

log-transformed data was calculated, and the UTL was calculated as exp(UTLy). No

outliers were identified based on the formal test of the log-transformed data.

Radium-228 and Total Petroleum Hydrocarbons. Radium-228 was detected in 6 of

20 samples and TPH was detected in I of 21 samples, for frequency of nondetects of

70 and 95 percent, respectively. For these analytes, the minimum value is a nondetect

at the lowest detection limit and the maximum value is the maximum detected value.
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Mean and standard deviation were not calculated because data were insufficient. The

UTL was established as the highest detected value. No test for outliers was

performed because of the high number of nondetects.

4.3.2 Groundwater

Radium-226. Radium-228. and Total Radium. Radium-226 was detected in 15 of 15

samples, and Radium-228 was detected in 11 of 15 samples. Because total radium

was calculated by adding the Radium-226 and -228 results, the frequency of

nondetects for total radium was assumed to be 0 percent. Based on the Shapiro-Wilk

test, the null hypothesis of normality was rejected for the log-transformed data but

accepted for the raw data for these analytes (Appendix E). The mean and standard

deviation are listed in Table 4-1 for the raw data. The highest value for Radium-228

was identified as a possible outlier, though it failed the outlier test by only a small

margin (test statistic of 2.46 versus critical value of 2.41).

Total Petroleum Hydrocarbons. TPH was not detected in 15 groundwater samples.

Therefore, the minimum and maximum values in Table 4-I are reported as less than

the minimum and maximum detection limits, respectively. Mean and standard

deviation were not calculated because data were insufficient. The UTL was

established as the highest ranked value, or in this case a nondetect at a given detection

limit. No test for outliers was performed because they were all nondetects.

4.3.3 Surface Water

Radium-226, -288, and TPH were not detected in the single surface water sample

collected. One sample is not sufficient to calculate background concentrations.
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5.0 CONCLUSIONS

The background study conducted at the WSA was initiated to establish background

concentrations of radium and TPH in surface soil, subsurface soil, and groundwater.

A total of 21 surface soil, 21 subsurface soil, 15 groundwater samples were collected

to characterize these media for background concentrations. Additionally, two

groundwater samples were collected from each of the onsite water supply wells.

—
Table 5-1 presents the maximum detected value for Radium-226, Radium-228, and

—
total radium from the two samples collected from the onsite water supply wells.

Comparison of these maximum values to the calculated UTLs indicates that the

concentrations of radium detected in the onsite water supply wells are consistent with

background concentrations and do not indicate site-related contamination.

TABLE 5-1

Comparison of Maximum Detected Values
in Supply Wells to Background UTL

Analyte in Groundwater Background UTL9S95 Maximum Concentration
Detected in Supply Wells

TPH (mg/L) ND at 0.444 ND at 0.444

Radium-226 (pCi/L) 13.06 9.82

Radium-228 (pCi/L) 2.61 1.39

Total Radium (pCi/L) 14.46 11.21
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APPENDIX A

— Preliminary Analytical Results

----
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PARAGON ANALYTICS, INC.
225 Commerce Drive. Fort CoIins, CO 80524 • (800) 443-1511. (970) 490-1511 • FAX (970) 490-1522

February 14, 1997

Ms. Lynn Schuetter
Jacobs Engineering Group
600 17th Street, Suite 1 lOON
Denver, CO 80202

FEEs1 E9q7

RE: PAl Workorder: 96-11-073 JE

Client Project Name: Jacobs/Carswell AFB (DO 21)
Client Project Number: 05G47900

Dear Ms. Schuetter:

Twelve soil samples and one water sample were received from Jacobs Engineering Group
under the above referenced workorder on November 12, 1996. The samples were scheduled
for Radium-228 and Total Radium Alpha Emitters analysis according SW-846 Methods 9320
and 9315 respectively. The results for the Total Radium were reported on December 24,
1996. The results for Radium-228, as well as original custody documentation, are included
in this package.

Please consult the individual data packages for case narratives specific to each method.

Paragon Analytics, Inc. apologizes for the delay in the delivery of this data. Should you have

any questions, please call.

Sincerely,

4jA
'I

Paragon Analytics, Inc.
Lori Pacheco
Project Manager

Enclosure: Report
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Paragon Analytics, Inc.
Radiochemistry Case Narrative

228Radium by Method 9320

EMAX
Jacobs / Carswell AFB / (DO 21)

96-11-073-63
96-11-073-SB
96-11 -073-BB
96-1 1-073-B4
96-1 1-073-Di
96-11-073-02
96-11-073-Mi
96-1 1-073-M2
96-11-073-Si
96-1 1-073-S2
96-1 1-073-S3
96-i 1-073-S4
96-11 -073-SA
96-11-073-BA

Date Prep
Analyzed Batch ID

1129/97 1 1073R6.XL1

2/13/97 11 073R6.XL3
2/13/97 1 1073R6.XL3
1/29/97 1 1073R6.XL1
1/29/97 1 1073R6.XL1
1/3/97 1 1073R68.XLS
1/2/97 1 1073R68.XLS

1/29/97 11 073R6.XL1
1/2/97 1 1073R68.XLS
1/2/97 1 1073R68.XLS

1/29/97 11 073R6.XL1

1/29/97 1 1073R6.XL1
2/13/97 11073R6.XL3
2/13/97 11073R6.XL3

1. This report consists of U soil and I water samples received by Paragon on 11/12/96.

2. These samples were prepared according to SW-846 Method 9320. The samples were
analyzed for the presence of Ra-228 by low background gas flow proportional
counting of the ingrown progeny of radium-228, Actinium-228. The analyses were
completed on 02/06/97.

3. The following deviations from the requested method were noted:

a) Method 9320 makes no reference to the analysis of soil samples.
from this work order were initially leached in concentrated nitric acid.
was then processed as a water sample according to the method.

The soil samples
The leachate

PARAGON ANALYTICS, INC. 00000j

Paragon ID Date Prep Paragon ID
Ana!yzed Batch 'P

96-11-073-01 1129/97 11073R6.XL1
96-11-073-02 1/29/97 11073R6.XL1
96-11-073-03 1/29/97 11 073R6.XL1

96-11-073-04 1/29/97 11 073R6.XL1

96-1 1-073-05 1/29/97 1 1073R6.XL1

96-11-073-06 1/29/97 11073R6.XL1
96-11-073-07 1/29/97 11073R6.XL1
96-11-073-08 1129/97 11073R6.XL1
96-11-073-09 1/29/97 11073R6.XL1
96-11-073-10 1/29/97 11073R6.XL1
96-11-073-11 2/13/97 11073R6.XL3
96-11-073-12 2/13/97 11073R6.XL3
96-11-073-13 1/3/97 11073R68.XLS
96-11-073-51 112/97 11073R66.XLS
96-11-073-B2 1/2/97 11073R68.XLS
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b) Due to laboratory error, preparation of water sample CR-Al 57706 (PAl 96-1 I -
073-13) was initiated with an aliquot of4 liters according to the in-house method for
Radium-2261228. The error was noted following the initial barium sulfate
precipitation. The precipitate was subsequently dissolved in basic EDTA as per

procedure and split into portions for analysis according to Method 9315 (Total Alpha
Emitting Radium Isotopes) and Method 9320 (Radium-228). Although chemical
preparation was carried out by requested methods, the QC batch in which the sample
was analyzed failed to meet QC acceptance criteria for blank spikes (outside limits,
low). The suspected cause for the failure was an inaccurate estimation (high) of the

chemical yield resulting from inadequate washing of the precipitate. Reanalysis was
not possible since sample volumes were depleted. Reported results are qualified
"reject" due to the failure to meet QC criteria.

-I. Blank spike 96-1 1-073-S6 (associated with prep batch I1073R6.XL2) showed
recoveries outside control limits (high). This batch was sent back for reextraction.
Reanalysis was completed on 2/13/97. Results met all QC criteria and are submitted.

The data contained in the following report have been reviewed and approved by the personnel
listed below. In addition, Paragon Analytics, Inc. certifies that the analyses reported herein
are true, complete and co ect within the limits of the methods employed.

____________ 2/i
Robert Shannon Date

Radiochemistry Technical Manager

Radiochemistry Final Data Review Date

PARAGON ANALYTICS, INC. oo000?
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PARAGON ANALYTICS, iNC.
Radiochemistry Data Package

Section 1

SAMPLE RESULTS
SUMMARY
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Ra-228 ANALYSIS RESULTS SUMJ(AflY

Lab Name: Paragon Analytics, Inc. Date Collected: 11/09/96

Client Name: EMAX Date Analyzed : 01/29/97

Client Project ID: JacobsfCarswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11—073 Count Duration: 555 Mm.

—
Analyzed by: RTS

Client Sample ID Lab Sample ID (pCi/g)
j

MDA J

CR—A15780]. 11—073—01 0.61 0.26 0.40
CR—A157802 11—073—02 0.37 0.26 0.41
CR—A157803 11—073—03 0.49 0.24 0.37
CR—A157804 11—073—04 0.61 0.29 0.45
CR—A157805 11—073—05 0.43 0.27 0.43
CR—A157807 11—073—06 0.52 0.27 0.42
CR—A157806 11—073—07 0.14 0.24 0.40
CR—A157701 11—073—08 —0.01 0.26 0.44
CR—A157702 11—073—09 0.43 0.32 0.52
CR—A157704 11—073—10 0.38 0.26 0.42
CR—A157705 11—073—11 0.36 0.17 0.25
CR—A157706 11—073—12 0.40 0.17 0.26

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2cr).— See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
— and analyzed using PAl SOP724FC.
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Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 11/09/96

Client Name: EMAX Date Analyzed 01/03/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Water

Lab Sample ID Series: 96—11—073 Count Duration: 360 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2r'
See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP7O7FC and analyzed using
PAl SOP724FC.
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PARAGON ANALYTICS, INC.

Radiochemistry Data Package

Section 2

QC RESULTS
SUMMARY
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Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 12/13/96

Client Name: EMAX Date Analyzed 01/02/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Soil

Lab Sample ID Series: 96—11—073 Count Duration: 360 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.
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Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 12/13/96

Client Name: EMPLX Date Analyzed 01/02/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Soil

Lab Sample ID Series: 96-11—073 Count Duration: 360 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2
See PAl SOP 743FC for details of TPU determinations

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.
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Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 01/20/97

Client Name: EHAX Date Analyzed : 01/29/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Soil

Lab Sample ID Series: 96-11—073 Count Duration: 555 Mm.

— Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
Jee PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.
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Ra-228 ANALYSIS RESULTS SUMMARY

:1

Lab Name: Paragon Analytics, Inc. Date Collected: 01/20/97

Client Name: EMAX Date Analyzed : 01/29/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11—073 Count Duration: 555 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2r
See PAl SOP 743FC for details of TPU determinations

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl 50P724FC.
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Ra-228 ANALYSIS RESULTS BUNXA1Y

t

Lab Name: Paragon Analytics, Inc. Date Collected: 02/10/97

Client Name: EMAX Date Analyzed : 02/13/97

—

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11—073 Count Duration: 294 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2o).
3ee PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.
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Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 02/10/ 97

Client Name: EMAX Date Analyzed 02/13/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Soil

Lab Sample ID Series: 96—11-073 Count Duration: 294 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2-'
See PAl SOP 743FC for details of TPU determinations

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC

000012



Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 11/09/9 6

Client Name: EMAX Date Analyzed 01/29/97

Client Project ID: Jacobs/Carswell AF8 Sample Matrix Soil

Lab Sample ID Series: 96—11—073 Count Duration: 555 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2c).
ee PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.

Remarks:

Sample 96—11—073—Di is a duplicate of 96—11—073—01.
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Ra-228 ANALYSIS RESULTS SUMMARY

•1..•

Lab Name: Paragon Analytics, Inc. Date Collected: 11/09/9 6

Client Name: EMAX Date Analyzed 02/13/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Soil

Lab Sample ID Series: 96—11—073 Count Duration: 294 Miri.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2
See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC

Remarks

Sample 96—l1—073—DB is a duplicate of 96—11—073—].1.
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RADItJM-228 MATRIX SPIRE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 11/11/96

Client Name: EMAX Date Analyzed : 01/02/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

—

Lab Workorder Number : 96-11-073 Count Duration: 360 Mm.

Lab Sample ID
Ra—228

Known Value
Ra—228

Rep't Value
Ra—228
Recovery Flag

I 96—11—073—Mi 18.7 8.13 17.4 1.85 92.9% Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2o).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra-228

Acceptance Range for matrix spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Sample 96—11—073—Mi is a matrix spike of sample 96—11—073—05.
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RADIUM-228 MATRIX SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 11/11/96

Client Name: EMAX Date Analyzed : 01/29/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96-11—073 Count Duration: 555 Mm.

Lab Sample ID
Ra-228

Known Value
Ra—228

Rep't Value
Ra—228
Recovery Flag

96—11—073—M2 J 18.7 8.15 18.9 1.98 101% Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra—228

Acceptance Range for matrix spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Sample 96—11—073—M2 is a matrix spike of sample 96—11—073—05.
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RADIUN-228 MATRIX SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 11/09/96

Client Name: EHAX Date Analyzed : 02/13/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96-11-073 Count Duration: 294 Mm.

Lab Sample ID
Ra—228

Known Value
Ra—228

Rep't Value
Ra—228
Recovery Flag

II 96—11—073—NB 18.7 8.15 15.8 1.63 I 84.4% Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra-228

Acceptance Range for matrix spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

— Remarks:

Sample 96—11—073—MB is a matrix spike of sample 96—11—073—12.
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Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 12/13/96

Client Name: EMAX Date Analyzed : 01/02/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96-11-073 Count Duration: 360 Mm.

L1 Sample ID H Known Value Rep't Value
II

Recovery ) Flag

[96_1l_O73_S1
18.1 7.83 iL 43.2%

ft
Fail

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2dJ
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra-228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.
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Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 12/13/96

Client Name: EHAX Date Analyzed 01/02/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix Soil

Lab Workorder Number : 96-11-073 Count Duration: 360 Mm.

Lab Sample ID

—
96—11—073—S2

] Known Value Rept Value Recovery Flag
J

1 18.1
[

4.84 26.7% Fail

—--—Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

— Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Sample 96—ll—073—S2 is a blank spike duplicate.
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Ra-228 BLANK SPIKE REBULTB

Lab Name: Paragon Analytics, Inc. Date Collected: 01/20/97

Client Name: EMAX Date Analyzed : 01/29/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96—11—073 Count Duration: 555 Mm.

Lab Sample ID

96—11—073—S3

H Known Value

17.9

II
Rep't

18.0

Value

1.87

II

H

Recovery

100%

H

II

Flag

Pass J
Reported Uncertainties are the Estimated Total Propagated Uncertainties
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra-228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Sample 96—11-073—S2 is a blank spike duplicate.
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Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 01/20/97

Client Name: EMAX Date Analyzed : 01/29/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96-11-073 Count Duration: 555 Mm.

Lab Sample ID Known Value Rep't Value Recovery Flag j

96—l1—073—S4
11

17.9 21.4 2.22 119% Pass

—---Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Sample 96—1l—073—S2 is a blank spike duplicate.
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Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 02/10/97

Client Name: EMAX Date Analyzed : 02/13/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96—11—073 Count Duration: 294 Mm.

Lab Sample ID II Known Value
J
Rep't Value

fi
Recovery Flag

96—11—073—SA 17.8 16.0 1.65 90.2%
II

Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2O1.—
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra-228. —

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.
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Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 02/10/97

Client Name: EMAX Date Analyzed : 02/13/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96—11—073 Count Duration: 294 Mm.

Lab Sample ID II Known Value
II
Rep't Value Recovery

fi
Flag

I 96—11—073—SB II
17.8

J
16.5 1.70

H
92.7%

H
Pass

I

—.._.-Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra-228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.
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I IIJ PARAGON ANALYTICS, INC.
225 Commerce Drive.Fort Collins, CO 80524. (800) 443-1511. (970) 490-1511 •FAX (970) 490-1522

December 24, 1996-

Mr. Dan Schultz .
Jacobs Engineering Group
600 17th Street, Suite 11 OON
Denver, CO 80202

RE: PAL Workorder: 96-11-073
Client Project Name: Jacobs/Carswefl AFB (DO 21)
Client Project Number: 05G47900

Dear Mr Schultz:

Twelve soil samples and one water sample were received from Jacobs Engineering Group
under the above referenced workorder on November 12, 1996. The samples were scheduled
for Radium-228 and Total Radium Alpha Emitters analysis according SW-846 Methods 9320
and 9315 respectively. The results for the Total Radium analyses as well as original custody
documentation are contained in the enclosed report. The results for Radium-228 will be
forwarded to you as they are completed.

Please consult the individual data packages for case narratives specific to each method.

Thank you for your confidence in Paragon Analytics, Inc. Should you have any questions,
please call.

Sincerely,

Paragon Analytics, Inc.
Lori Pacheco
Project Manager

Enclosure Report

in ¶Emp(o9ee OwneSma((Bu.ciriess



Paragon Analytics, Inc.
Radiochemistry Case Narrative

Total Radium by SW-846 Method 9315

EMAX
Jacobs / Carswell AFB (DO 21) 05G47900

Client ID Parazon ID Client ID Paragon ID
CR-A157801 96-11-073-01 CR-A157705 96-11-073-11

CR-A157802 96-11-073-02 CR-A157706 96-1 1-073-12

CR-Al 57803 96-1 1-073-03 CR-Al 57706 WA 96-11-073-13
CR-A157804 96-1 1-073-04
CR-A157805 96-1 1-073-05
CR-.A]57807 96-11-073-06
CR-A157806 96-1 1-073-07
CR-A157701 96-1 1-073-08

CR-A157702 96-11-073-09

CR-A157704 96-11-073-10

This report consists of 12 soil samples and I equipment rinsate blank received b

Paragon on 11/12/96.

2 These samples were prepared according to SW-846 Method 9315 (modified). The
corresponding Paragon Analytics, Inc procedure is PAl SOP7]2R3 The following
modifications to the method were necessary due to the matrix of the sample The solid
samples were digested in nitric acid, and the digestate processed as a water sample
according to SW-846 Method 9315. Due to laboratory error, the entire volume of
equipment rinsate supplied was prepared with water samples from a hatch of samples
being analyzed for radium-226/228, The affected samples were split from the batch
following the initial barium sulfate precipitation and prepared parallel to solid samples
in these work orders. Thus a dedicated blank spike was not analyzed with the water
sample. The blank spike samples prepared in association with the solid samples
indicate satisfactory method performance.

PARAGON ANALYTICS, INC.



3. The samples were analyzed by low background gas proportional counting for the
presence of total alpha emitting radium isotopes according to Paragon Analytics, Inc.
procedure PAT S0P724R4. The analyses were completed on 12/19/96.

4. The presence of alpha emitting radium isotopes other than Radium-226 (e.g. Ra-224,
Ra-223) is a known interference to the determination of Radium-226 using the
requested methodology. A separate measurement can be conducted to specifically
determine the Radium-226 activity of these samples. if necessary, the measurement
should be conducted within four weeks of preparation of these samples.

5. No problems were encountered with either the client samples or the associated quality
control samples. All quality control criteria were met.

The data contained in the following report have been reviewed and approved by the personnel
listed below, In addition, Paragon Analytics, Inc. certifies that the analyses reported herein
are true, complete and correct within the limits of the methods employed.

Robert Shannon Date
Radiochemistry Technical Manager

______________ I /
Radiochemistry Final Data Review Date

7
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RADIOCHEMISTRY DATA PACKAGE CONTENTS

PARAGON ANALYTICS, INC.

LOW BACKGROUND GAS FLOW PROPORTIONAL ANALYSIS

Section 1 Sample Results Summary

Section 2 QC Results Summary

Section 3 Individual Sample Results

Section 4 Raw Data

Mass Documentation
Mass-Efficiency Calibration (m, b values)
Sample, Blank, LCS, Background Data

Section 5 Quality Assurance Summary Reports

Non-Compliance Reports (If Applicable)

Section 6 Laboratory Bench Sheets

Section 7 Standard Traceability Documents

Certificates and Dilution Records
Carrier Reagent Documentation

Section 8 Chain of Custody

Section 9 Additional Supporting Documentation

Instrument Performance Checks

Cross-talk documcntatir,n is not applicable for this analysis.
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PARAGON ANALYTICS, INC.

Radiochemistly Data Package

Section 1

SAMPLE RESULTS
SUMMARY
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TOTAL ALPEA-EMITTING RADIUM ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 11/09/96

Client Name: EMAX Date Analyzed : 12/19/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—1l--073 Count Duration: 60 Mm.

Client Sample ID Lab Sample ID
Total Radium

(pCi/g)

CR—Al57801 11—073—01 0.69 0.11
CR—A157802 11—073—02 1.24 0.21
CR—A157803 11—073—03 1.01 0.15
CR—A157804 11—073—04 1.56 0.26
CR—A157805 11—073—05 1.38 0.17
CR—A157807 11—073—06 1.41 0.19
CR—A157806 11—073—07 1.36 0.22
CR—A157701 11—073—08 0.80 0.11
CR—A157702 21—073—09 1.32 0.16
CR—A157704 11—073—10 0.98 0.16
CR—A157705 11—073—11 0.82 0.13
CR—A157706 11—073—12 0.84 0.11
CR—A157706 WA 11—073—13 < 0.12 (BDL)
Blank 21—073—B1 < 0.18(BDL)
Blank 11—073—B2 < 0.17(BDL)
Duplicate 11—073—D1 1.32 0.16
Duplicate 1l—073—D2 0.70 0.10

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2o).
See PAl SOP 743FC for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination

Remarks:

Sample 96—11—073-Di is a duplicate of 96—11—073—01.
Sample 96—1l—073—D2 is a duplicate of 96—11—073—12.
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TOTAL ALPH7-EMITTING RADIUM ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 11/09/96

Client Name: EMAX Date Analyzed : 12/23/96

Client Project ID: Jacobs / Carswell AFB Sample Matrix : Water

Lab Sample ID Series: 96—11—073 Count Duration: 60 Mm.

Client Sample ID
Total Radium

Lab Sample ID (pCi/i)

[_CR—A157706 WA 11—073—13 < 0.12 (BDL)

Reported Uncertainties are the Estimated Total Propagated Uncertainties
See PAl SOP 743FC for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination
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TOTAL ALPEA-EMITTING RADIUM ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 12/04/96

Client Mane: EMAX Date Analyzed : 12/24/96

Client Project ID: Jacobs / Carswell AFB Sample Matrix : Water

Lab Sample ID Series: 96—11—194 Count Duration: 60 Mm.

Client Sample ID Lab Sample ID
Total Radium

(pci/i)

Blank
j

11—194—Bi < 0.03(BDL)

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2)
See PAl SOP 743FC for details of the TPIJ determination.

BDL = Below Detection Limit; see method for DL determination
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Radiochemistry Data Package

Section 2

QCRESULTS
SUMMARY
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TOTAL ALPHA—EMITTING RADIUM QA ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

— Lab Name: Paragon Analytics, Inc. Date Collected: 12/08/96

Client Name: EMAX Date Analyzed : 12/13/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11—073 Count Duration 60 Mm.

Lab Sample ID
Known Activity

(pCi/g)
Rep't Activity

(pCi/g)
Spike

Recovery

96—11—073—Si
96—1i—073—S2

67.1 16.78
67.1 16.78

61.50 6.41
64.65 6.71

91.6
96.3

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See P71 Sop 743FC for details of the TPU determination.

PAl sets control limits for Total Radium measurements as follows

Control Limits = Known (p) 0.25 *

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.
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TOTAL ALPHA-EMITTING RADIUM QA MALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 12/08/96

Client Name: EMAX Date Analyzed : 12/13/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96-11-073 Count Duration 60 Mm.

L Lab Sample ID
Known Activity

(pCi/g)
[ Rep't Activity

L (pCi/g)
Spike

Recovery

96—11—073—Ni 68.8 17.20
[

34.06 3.62 49.5

Reported Uncertainties are the Estimated Total Propagated Uncertainties
See PAl SOP 743F'C for details of the TPU determination.

PAl sets control limits for Total Radium measurements as follows

Control Limits = Known (i) 0.25 *

Acceptance Range for matrix spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

96—11—073—Mi is a matrix spike of 96—11—073—05.

: j
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TOTAL ALPHA-EMITTING RADIUM QA A}ALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

— Lab Name: Paragon Analytics, Inc. Date Collected: 12/08/96

Client Name: EMAX Date Analyzed : 12/13/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11—073 Count Duration 60 Miri.

Lab Sample ID
Known Activity

(pCi/g)
Rep't Activity

(pCi/g)
Spike
Recovery

96—ll—073—M2 68.1 17.02 50.46 5.21 74.1

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2c7).
See PAl SOP 743FC for details of the TPU determination.

PAl sets control limits for Total Radium measurements as follows

Control Limits = Known (ii) 0.25 *

Acceptance Range for matrix spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

96—11—073—142 is a matrix spike of 96—11—073—11.
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1JJPARAGO.N ANALYTICS, INC.
225 Commerce Drive . Fort Collins, CO 80524 • (800) 443-1511. (970) 490-1511 • FAX (970) 490-1522

February 5, 1997 ECE1VED

FEE 61997
Ms. Lynn Schuetter jt
Jacobs Engineering Group
600 17th Street, Suite I lOON
Denver, CO 80202

RE: PAT Workorder: 96-11-097
Client Project Name: Jacobs/Carswell AFB (DO 21)
Client Project Number: 05G47900

Dear Ms. Schuetter:

Eighteen soil samples and one water sample were received from Jacobs Engineering Group
under the above referenced workorder on November 14, 1996. The samples were scheduled
for Radium-228 and Total Radium Alpha Emitters analysis according SW-846 Methods 9320
and 93 I 5 respectively. The results for the Total Radium were reported on December 24,
1996. The results for Radium-228, as well as original custody documentation, are included in
this package.

Please consult the individual data packages for case narratives specific to each method.

Paragon Analytics, Inc. apologizes for the delay in the delivery of this data. Should you have
any questions, please call.

Sincerely,5.3
Paragon Analytics, Inc.
Lori Pacheco
Project Manager

Enclosure: Report

rz T.rnpIoyee OWnetStna12TBusiness
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Paragon Analy F&t"ol1ins, Cor6"

CONDITION OF SAMPLE UPON RECEIPT

CLIENT: SHIPPING CONTAINER #:

— WORKORDERNO.________

AT! FRM20FC5 (2/21196)

rNITIALS: ft DATE:.

Cooler Temperature: / /.

1. Does this project require special handling according to NEESA. Level 3,
or CLP protocols?

If yes, complete a. and b.
a. Cooler Temperature__________________
b. LotNo's.__________________________
c. Airbill Number

Yes

2. Are custody seals on the cooler intact? If so, how many N/A '() No
3. Are custody seals on sample containers intact? Jb' Yes No
4. Is there a Chain of Custody (COC) or other representative documents,

-

letters or shipping memos?
No

5. Is the COO complete?
Relinquished: Yes," No Requested Analysis: Yes" No_

6. Is the COO in agreement with the samples received?

No

No
No. of Samples: Yes No Sample ID's: Yes_ No_
Matrix: Yes'No No. of Containers: Yes No.

7. Are the samples preserved correctly? N/A Yes (). Is there enough sample? If so, are they in the proper containers? 'ta) No
9. Are aLl samples within holding times for the requested analyses? L No
10. Were the sample received on ice? Yes No
I 1. Were all sample containers received intact? (not broken or leaking, etc.) ' No
12. Are samples requiring no headspace, headspace free? Yes No
13. Do the samples require quarantine? Yes )
14. Do samples require ATI disposal? No
15. Did the client return an.y unused bottles? Yes (N
Describe "NO' items (except No's 1, 13, &14): .4(c1ki 'Lt L-4-...

Was the client contacted? Yes______ No_______
If yes, Date:__________ Name of person contacted:________________

Describe actions taken or client instructions:____________________________________________________

Group Leader's Signature:______________________ Date:____________
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Paragon Analytics Inc. r1
Radiochemistry Case Narrative
226"228Radium by Method 9320

EMAX
Jacobs / Carswell AFB / (DO 21)

Date Prep Batch Date Prep Batch

I. This report consists of 18 soil and I water sample received by Paragon on 11/14/96,

2. These samples were prepared accordiig to SW-846 Method 9320. The samples were
analyzed for the presence of Ra-228 by low background gas flow proportional
counting of the ingrown progeny of radium-228, Actiniurn-228. The analyses were
completed on 01/27/97.

3. The following deviations from the requested method were noted:

PA,:\GON ANALYTICS, INC. u Li -) _,

Paragon ID Analyzed ID Paragon ID Analyzed ID______
96-11-097-01 12/20/96 11 097R28.XLS 96-il -097-B2 12/20/96 11 097R28.XLS
96-11-097-02 12120/96 11097R28.XLS 96-11-097-B3 1/27/97 11097R6.XL1
96-11-097-03 12/20/96 11097R28.XLS 96-11-097-B4 1/27/97 11097R6.XL1
96-11-097-04 12/23/96 11097R28.XLS 96-11-097-Di 12/20/96 11097R28.XLS
96-11-097-05 12/20/96 11097R28.XLS 96-i1-097-D2 12/20/96 11097R28.XLS
96-11-097-06 12/23/96 11097R28.XLS 96-11-097-03 1/27/97 110)7R6.XL1
96-1 1-097-07 12/20196 ii 097R28.XLS 96-11-097-Mi 12123/96 11 097R28.XLS
96-1 1 -097-08 1/3/97 11 057R68.XLX 96-11 -097-M2 1/27/97 11 097R6.XL1
96-11-097-09 1/27/97 11 097R6.XL1 96-11 -097-Si 12/20/96 11 097R28.XLS
96-11-097-10 1/27/97 11 097R6.XL1 96-il -097-S2 12/20/96 11 097R28,XLS
96-11-097-11 1/27/97 11 097R6.XL1 96-1 1-097-S3 1/27/97 11 097R6.XL1
96-11-097-12 12/20/96 11097R28.XLS 96-l1-097-S4 1/27/97 11097R6.XL1
96-11-097-13 12/20/96 11 097R28.XLS 96-li -057-B3 1/6/97 11 057R68.XLX
96-11-097-14 12/20/96 11 097R28.XLS 96-11-057-64 1/6/97 11 057R68.XLX
96-11-097-15 12/20/96 11 097R28.XLS 96-li -057-S3 1/6/97 ii 057R68.XLX
96-11-097-16 1/27/97 11097R6.XL1 96-il-057-S4 1/6/97 11057R68.XLX
96-11-097-17 1/27/97 11 097R6.XLI 96-11-073-61 1/2/97 11 073R68.XLS
96-11-097-18 1/27/97 11 097R6.XL1 96-i 1-073-62 1/2/97 11 073R68.XLS
96-11-097-19 1/2/97 11 073R68.XLS 96-11-073-Si 1/2/97 ii 073R68.XLS
96-11-097-61 12120/96 11 097R28.XLS 96-1 1-073-S2 1/2197 1 1073R68.XLS

a

—



a) Method 9320 makes no reference to the analjszs of soJ samples The soil samples
from this work order were initially leached in concentrated nitric acid. The leachate
was then processed as a water sample according to the method.

b) Due to suspected matrix interference, low chemical yield was noted for several
samples upon inital analysis of these samples. Individual samp]es showing low
chemical yield which thus failed to meet requested detection limits were reprepared
and reanalyzed. Time delay between separation and counting (and thus decay) were
minimized to improve the sensitivity of the measurements.

c) Submitted results either show activity greater the the requested MDA or meet the
requested MIDA's for all samples. The above table provides a cross reference of
sample ID's and prep batch designation for submitted results.

d) Due to laboratory error, preparation of water sample CR-A179u7 (PAl 96-11-
097-19) was initiated with an aliquot of4 liters according to the in-house method for
Radium-226/228. The error was noted following the inital barium sulfate
precipitation. The precipitate was subsequently dissolved in basic EDTA dS per
procedure and split into portions for analysis according to Method 9315 (Total Alpha
Emitting Radium Isotopes) and Method 9320 (Radium-2'8). Although chemical
preparation was carried out by requested methods, the QC batch in which the sample
was analyzed failed to meet QC acceptance criteria for blank spikes (outside limits,
low). The suspected cause for the failure was an inaccurate estimation (high) of the
chemical yield resulting from indequate washing of the precipitate. Reanalysis was not
possible since sample volumes were depleted. Reported results are qualified "reject"
due to the failure to meet QC criteria.

The data contained in the following report have been reviewed and approved by the personnel
listed below. In addition, Paragon Analytics, Inc. certifies that the analyses reported herein
are true, complete and crrect within the limits of the methods employed.

(1/_ I/( ______
Robert Shäinon Date

Radiochemistry Technical Manager

Radiochemistry Final Data Review Da e

PARAGON ANALYTICS, .



—

a

•it, AL i.,:,.

PARAGON ANALYTICS, [NC.
Radiochernistry Data Package

Section 1

A 1T T'

SUI'4IIYEARY

U L '_) ., U JS



;;.j ;:iL..ii

Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 11/ 12/ 96

Client Name: EMAX Date Analyzed : 12/20/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix Soil

Lab Sample ID Series: 96—11—097 Count Duration: 180 Mm.

Analyzed

—

—

by: DCB

Uncertainties
See PAl SOP 743FC for details of

Total Propagated
TPU determinations.

These samples were prepared using PAl SOP721FC and PAl
ind analyzed using PAl SOP724FC.

Remarks:

Sample 96—11—097—Di is a duplicate of 96—11—097—01.

SOP717FC

—'"-'

Client Sample ID Lab Sample ID (pCi/g) IP MDA 1
CR—A159001 11—097—01 1.11 0.46 0.68
CR—A159002 11—097—02 0.85 0.39 0.59
CR—A158001 11—097—03 0.85 0.46 0.70
CR—A158002 11—097—04 0.13 0.23 0.38
CR—A158003 11—097—05 1.25 0.63 0.96
CR—A158004 11—097—06 0.08 0.22 0.36
CR—A158006 11—097—07 1.10 0.58 0.89
CR—A158007 11—097—08 0.07 0.27 0.44
CR—A158101 11—097—09 0.31 0.21 0.33
CR—A158102 11—097—10 0.50 0.20 0.30
CR—A158104 11—097—11 0.12 0.21 0.35
CR—A158105 11—097—12 0.80 0.47 0.73
CR—A158106 11—097—13 1.06 0.45 0.66
CR—A157901 11—097—14 0.94 0.39 0.57
CR—Al57903 11—097—15 1.13 0.52 0.78
CR—A157904 11—097—16 0.06 0.23 0.39
CR—A157905 11—097—17 0.27 0.20 0.33
CP.—A157906 11—097—18 0.01 0.20 0.33
Duplicate of —01 11—097—Di 1.01 0.48 0.75

— Reported are the Estimated Uncertainties (2o).



Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 11/12/96

Client Name: EMAX Date Analyzed 01/02/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Water

Lab Sample ID Series: 96—11—097 Count Duration: 360 Mm.

Analyzed by: RTS

Rcported
See PAT SOP 743FC for details of TPU determinations

Uncertainties (2a)

These samples were prepared using PAl SOP7O7FC and analyzed using
PAl SOP724FC.

,-,

uu../JuJ
r -

Uncertainties are the Estimated Total Propagated
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Ra-228 ANALYSIS

Lab rame: Paragon Analytics,

RESULTS BU}f}f1.RY

Inc. Date Collected: 11/12/96

Client Name: ENX Date Analyzed 01/27/97

Client Project ID: Jacobs I Carswell AFB Sample Matrix Soil

Lab Sample ID Series: 96—11—097 Count Duration: 450 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.

Remarks:

, Sample 96—ll—097—D3 is a duplicate of 96—11—097—09.

a

(p_r,-
U U j •. U U



Ra-228 ARALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 11/12/96

Client Name: EMAX Date Analyzed 12/20/96

Client Project ID: Jacobs / Carswell AFB Sample Matrix Soil

Lab Sample ID Series: 96—11—097 Count Duration: 330 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2c
See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.

Remarks:

Sample 96—ll-097—D2 is a duplicate of 96—11—097—10.

(' ,•\ ,. C
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PARAGON ANALYTICS, INC.

Radiochernistiy Data Package

Section 2

QC RESULTSjTri p'cj.J kkL'.
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Lab Name: Paragon Analytics, Inc.

i:: .J.,

Date Collected: 12/12/96

Client Name: EMAX Date Analyzed 12/20/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11—097 Count Duration: 180 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated
See PAl SOP 743FC for details of TPU determinations.

Uncertainties (2c).

These samples were prepared using PAl SOP721FC arid PAl SOP717FC
and analyzed using PAl SOP724FC.

U 33

..i

RESULTS SUMMARYRa—228 ANALYSIS

Total Propagated



Lab Name: Paragon Analytics, Inc. Date Collected: 12/12/96

Client Name: EMAX Date Analyzed 12/20/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11—097 Count Duration: 180 Mm.

Analyzed by: RTS

Reported
See PAl SOP 743FC for details of TPU determinations.

Uncertainties (2c)

These samples were prepared
and analyzed using PAl

using PAl SOP721FC and PAl SOP717FC

n -'
U u

Ra-228 ANALYSIS RESULTS SUNHARY

Uncertainties are the Estimated Total Propagated

SOP724FC.

A..



Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 01/22/97

Client Name: EMAX Date Analyzed 01/27/ 97

Client Project ID: Jacobs / Carswell AFB Sample Matrix Soil

Lab Sample ID Series: 96—11—097 Count Duration: 450 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated tJncertainties (2).
See PAl SOP 743FC for details of TPIJ determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl S0P724FC.

LI.JLJAi -

—
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Lab Name: Paragon Analytics, Inc.

k4

Date Collected: 01/22/97

Client Name: ENAX Date Analyzed 01/27/97

Client Project ID: Jacobs I Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11—097 Count Duration: 450 Mm.

Analyzed by: RTS

P.eported
See PAl SOP 743FC for details of TPU determinations.

Uncertainties

These samples
and analyzed

were prepared using
using PAl SOP724FC.

PAl SOP721FC and PAl SOP717FC

LI

Ra-228 ANALYSIS RESULTS SUM1LARY

Uncertainties are the Estimated Total Propagated

—
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Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 12/12/96

Client Name: ENAX Date Analyzed : 12/20/96

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96-11—097 Count Duration: 180 Mm.

Lab Sample ID Known Value j Rep't Value Recovery ] Flag

L 96—11—097—Si J
18. 1

JJ

24.6 2.64 136%
jJ

Pass 1

RepOrted Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPtJ determinations.

Control Limits = Known 43% for Ra-228.

- Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the' uncertainty, should be compared to that range.

r. •-'



Ra-228 BLANK SPIRE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 12/12/96

—V

Client Name: EMAX Date Analyzed : 12/20/96

Client Project ID : Jacobs/Carswell AFB Sample Matrix Soil

Control Limits = Known 43% for Ra-228.

Acceptance Range for blank spike samples is the known value the
reported

uncertainty, should be compared to that

ii

Lab Workorder Number : 96-11—097 Count Duration: 180 Mm.

Reported Uncertainties are the Estimated
See PAl SOP 743FC for details of TPIJ determinations

Total Propagated

control limits stated above. The

Uncertainties (

range.
value, without the

p 1Th A

U Li u .
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Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 01/22/97

Client Name: EMAX Date Analyzed : 01/27/97

Client Project ID : Jacobs / Carswell AFE Sample Matrix : Soil

Lab Workorder Number : 96-11-097 Count Duration: 450 Mm.

Lab Sample ID Known Value
II
Rep't Value Recovery

II
Flag

L96_hl_097_s3 17.9 20.4 2.09 114% Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra—228.S
Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

C' ?' P• —' . —
- .1..



Ra-228 BLANK SPIKE RESULTS

Lab Name: raragon Analytics, Inc. Date Collected: 01/22/97

Client Name: EMAX Date Analyzed 01/27/97

Client Project ID : Jacobs / Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96—11—097 Count Duration: 450 Mm.

Control Limits

control limits stated above. The reported value, without
should be compared

Reported Uncertainties are the Estimated
See PAl SOP 743FC f details of TPU determinations.

= Known 43% for Ra-228.

Acceptance

uncertainty,

Range for blank spike

Total Propagated Uncertainties (

to that range.

samples is the known value the
the

fl A fli jQ

—
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RADIUM-228 MATRIX SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 11/11/96

Client Name: EMAX Date Analyzed : 12/23/96

Client Project ID : Jacobs/Carsweil AFB Sample Matrix : Soil

Lab Workorder Number : 96-11-097 Count Duration: 300 Mm.

Lab Sample ID

r96_11-.097_M11

Ra—228
Known Value

_17.9 7.80_j

T Ra—228
LReP't Value

15.3 1.62

Ra—228
Recovery

85.6%

Flag

Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2o).
See PAl SOP 743FC for details of TPU determinations.

— Control Limits = Known 43% for Ra—228

Acceptance Range for matrix spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Sample 96—11—097—Mi is a matrix spike of sample 96—11—097—06.

—
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Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 12/26/96

Client Name: ENAX Date Analyzed : 01/02/97

Client Project ID : Jacobs/Carswell AFE Sample Matrix : Soil

Lab Workorder Number : 96-11-073 Count Duration: 360 Mm

Lab Sample IJ Known Value j Rep't Value L Recovery L Flag

96—11—073—51 II 18.0 [7.47 41.4% Fail

Reported Uncertainties are the E5timated Total Propagated Uncertainties
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

0' •')
U -J -' --
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Ra-228 BLANI SPIRE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 12/26/96

Client Name: ENAX Date Analyzed : 01/02/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96-11-073 Count Duration: 360 Mm.

Lab Sample ID Known Value
II
Rep't Value Recovery Flag

96—l1—073—S2 [ 18.0
II

4.60 25.5% Fail

',._Reported Uncertainties are the Estimated Total Propagated Uncertainties (2).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra-228.—
Acceptance Range for blank spike samples is the known value the

- control limits stated above. The reported value, without the
. uncertainty, should be compared to that range.



Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 12/2 3/96

Client Name: EMAX Date Analyzed 01/06/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix Soil

Lab Workorder Number : 96—11—057 Count Duration: 375 Mm.

Reported Uncertainties are the
See PAl SOP 743FC for details

UncertaintiesEstimated Tot.al Propagated
of TPU determinations.

Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

U -; •



Ra-228 BLA}1K SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 12/31/96

Client Name: EMAX Date Analyzed : 01/06/97

Clicnt Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lib Workorder Number : 96-11-057 Count Duration: 375 Mm.

Lab Sample ID

t

96—ll—057—S4
LKrlown

r

Value

18.0

J Rep't

16.0

Value

1.67
i[

Recovery

88.6%
II

Flag

Pass
]

...Reported Uncertainties are the Estimated Total Propagated Uncertainties (2).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

I,,
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PARAGON ANALYTICS, INC.
225 Commerce Dr,ve. Fort Collins, CO 80524, (800) 443-1511. (970) 490-1511 • FAX (970) 490-1522

R EC E V EP

December 24, 1996 DEC 2 1996

JL • Denver

Mr. Dan Schultz

Jacobs Engineering Group
600 17th Street, Suite 11 OON
Denver, CO 80202

RE. PAT Workorder: 96-11-097
Client Project Name: Jacobs/Carswell AFB (DO 21)
Client Project Number: 05G47900

w

Dear Mr Schultz:

Eighteen soil samples and one water sample were received from Jacobs Engineering Group
under the above referenced workorder on November 14, 1996. The samples were scheduled
for Radium-228 and Total Radium Alpha Emitters analysis according SW-846 Methods 9320
and 93 1 5 respectively. The results for the Total Radium analyses as well as original custody
documentation are contained in the enclosed report. The results for Radium-228 will be
forwarded to you as they are completed.

Please consult the individual data packages for case narratives specific to each method.

Thank you for your confidence in Paragon Analytics, Inc. Should you have any questions,
please call.

Sincerely,

Paragon Analytics, Inc.
Lori Pacheco

Project Manager

Enclosure Report

.in Enip[oyee OwneiSmaI('Business



Paragon Analytics, Inc.
Rad loch em istry Case Narrative

Total Radium by SW-846 Method 9315

EMAX
Jacobs / Carswell AFB (DO 21)

Client ID
CR-A159001
CR-A 159002

CR-A158001

CR-Al 58002

CR-Al 58003

CR-AlS 8004

CR-Al 58006

CR-Al 58007

CR-A158 101

CR-A158 102

Paragon ID
96-11-097-0]

96-11-097-02

96-1 1-097-03

96-1 1-097-04

96-1 1-097-05

96-1 1-097-06

96-1 1-097-07

96-1 1-097-08
96-1 1-097-09
96-1 1-097-10

Client ID
CR-Al 58104
CR-A158 105
CR-A158 106
CR-Al 57901
CR-Al 57903

CR-Al 57904

CR-Al 57905

CR-Al 57906

CR-Al 57907

Paragon ID
96-11-097-Il
96-1 1-097-12
96-11-097-13
96-1 1-097-14
96-1 1-097-15
96-1 1-097-16
96-1 1-097-17
96-1 1-097-18
96-1 1-097-19

This report
Paragon on

consists of 18 soil
11/14196

samples and I equipment rinsate blank received b

2. These samples were prepared according to SW-846 Method 9315 (modified). The
corresponding Paragon Analytics, Inc. procedure is PA! S0P712R3 The following
modifications to the method were necessary due to the matrix of the sample. The solid
samples were digested in nitric acid, and the digestate processed as a water sample
according to SW-846 Method 9315. Due to laboratory error, the entire volume of
equipment rinsale supplied was prepared with waler samples from a batch of samples
being analyzed for radium-226/228. The affected samples were split from the batch
following the initial barium sulfate precipitation and prepared parallel to solid samples
in these work orders. Thus a dedicated blank spike was not analyzed with the water
sample. The blank spike samples prepared in association with the solid samples
indicate satisfactory method performance.

PARAGON ANALYTICS, [NC - '.- U
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3. The samples were analyzed by low back&ound gas proportional counting for the
I

presence of total alpha emitting radium isotopes according to Paragon Analytics, Inc.
procedure PAT S0P724R4. The analyses were completed on 12/16/96.

4. The presence of alpha emitting radium isotopes other than Radium-226 (e.g. Ra224,
Ra-223) is a known interference to the determination of Radium-226 using the
requested methodology. A separate measurement can be conducted to specifically
determine the Radium-226 activity of these samples. If necessary, the measurement
should be conducted within four weeks of preparation of these samples.

5. No problems were encountered with either the client samples or the associated quality
control samples. All quality control criteria were met.

The data contained in the following report have been reviewed and approved by the personnel
listed below. In addition, Paragon Analytics, Inc. certifies that the analyses reported herein
are true, complete and correct within the limits of the methods employed.

___________________ !
Robert Sha on Date
Radiochemistry Technical Manager

Radiochernistry Final Data Review Date

PARAGON ANALYTICS, INC. - 9
& I_f
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RADIOCHEMISTRY DATA PACKAGE CONTENTS

PARAGON ANALYTICS, INC.

LOW BACKGROUND GAS FLOW PROPORTIONAL ANALYSIS

Section 1 Sample Results Summary

Section 2 QC Results Summary

Section 3 Individual Sample Results

Section 4 Raw Data

Mass Documentation
Mass-Efficiency Calibration (m, b values)
Sample, Blank, LCS, Background Data

Section 5 Quality Assurance Summary Reports

Non-Compliance Reports (If Applicable)

Section 6 Laboratory Bench Sheets

Section 7 Standard Traceability Documents

Certificates and Dilution Records
Carrier Reagent Documentation

Section 8 Chain of Custody

Section 9 Additional Supporting Documentation

Instrument Performance Checks

Cross-talk documentation is not applicable for this analysis.
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PARAGON ANALYTICS, INC.
Radiochemistry Data Package

Section 1

SAMPLE RESULTS
SUMMARY

r ( t' (



RECEIVEr

DEC '1F

TOTAL ALPHA-EMITTING RADIUM ANALYSIS RESULTS SU}U4ARY

Method 903.0 (Modified)

. Lab Name: Paragon Analytics, Inc. Date Collected: 11/12/96

Client Name: EMAX Date Analyzed : 12/16/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix : soil

Lab Sample ID Series: 96-11—097 Count Duration: 60 FUn.

Client Sample ID Lab Sample ID
r
[

Total Radium
(pCi/g)

CR—A159001 11—097—01 1.47 0.22
CR—A159002 11—097—02 1.17 0.17
CR—A158001 11—097—03 1.1]. 0.12
CR—A158002 11—097—04 0.90 0.16
CR—A158003 11—097—05 1.04 0.15
CR—A158004 11—097—06 0.87 0.16
CR—A158006 11—097—07 0.59 0.11
CR—A158007 11—097—08 1.03 0.17
CR—A158101 11—097—09 1.45 0.2].

CR—A158102 11—097—10 1.16 0.18
CR—A158104 11—097—11 0.60 0.07
CR—A158l05 11—097—12 1.39 0.19
CR—A158106 11—097—13 0.78 0.11
CR—A157901 11—097—14 1.35 0.19
CR—A157903 11—097—15 1.03 0.11
CR—Al57904 11—097—16 1.21 0.19
CR—A157905 11—097—17 1.10 0.16
CR—A157906 11—097—18 1.08 0.12
Blank 11—097—El < 0.15(BDL)
Duplicate
Duplicate

11—097—Di
ll—097—D2

1.05 0.17
1.50 0.22

Jeported Uncertainties are the Estimated Total Propagated Uncertainties (2a)
See PAl SOP 743FC for details of the TPU determination.

BDL Below Detection Lirit; see method for DL determination

- [emarks:

9C—F—U97—D1 is a c1up1io of 96—11—097—01.
-.- r)(_1o97_D7 is a up1ioe of 96—11—097—10. C r

I J



TOTAL ALPHA-EMITTING RADIUM ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 11/12/96

Client Name: EMAX Date Analyzed : 12/23/96

Client Project ID: Jacobs / Carswell AFB Sample Matrix Water

Lab Sample ID Series: 96—11—097 Count Duration: 60 Mm.

Client Sample ID Lab Sample ID
Total Radium

(pCi/l)

CR—A157907 11—097—19 < 0.l1(BDL)

Reported Uncertainties are the Estimated Total Propagated Uncertainties
See P1I SOP 743FC for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination
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TOTAL ALPEA-EMITTING RADIUM ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 12/04/96

Client Name: EMAX Date Analyzed : 12/24/96

Client Project ID: Jacobs / Carswell AFB Sample Matrix : Water

Lab Sample ID Series: 96—11—194 Count Duration: 60 Miri.

Client Sample ID Lab Sample ID
Total Radium

(pCi/i)

Blank
111_l94_B1 < 0.03(BDL)

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination

U; (
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PARAGON ANALYTICS, INC.

Radiochemistry Data Package

Section 2

QC RESULTS
SUMMARY

I -
-



TOTAL ALPHA-EMITTING RADIUM QA 7NALYSIS RESULTS SUMNJRY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 12/09/96

Client Name: EMAX Date Analyzed : 12/16/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix : soil

Lab Sample ID Series: 96-11—097 Count Duration 60 Mm.

Lab Sample ID
Known Activity

(pCi/g)
Rep't Activity

(pCi/g)
Spike

Recovery

96—11—097—Si
96—11—097—S2

67.1 16.77
67.1 16.77

56.67 5.93
56.80 5.88

84.5
84.6

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2c)
See PAl SOP 743FC for details of the TPU determination.

PAl sets control limits for Total Radium measurements as follows

Control Limits = Known () 0.25 *

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

—
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TOTAL ALPHA-EMITTING RADIUM QA M4ALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 12/09/96

Client Name: EMAX Date Analyzed : 12/16/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix : soil

Lab Sample ID Series: 96-11-097 Count Duration 60 Mm.

Xnown Activity
Lab Sample ID (pCi/g)

Rep't Activity
(pCi/g)

Spike
Recovery

96—11—097—Mi 68.0 16.99 56.28 5.77 82.8

Reported Uncertainties are the Estimated Total Propagated Uncertainties
See PAl SOP 743FC for details of the TPU determination.

PAl sets control limits for Total Radium measurements as follows

Control Limits Known (j.) 0.25 *

Acceptance Range for matrix spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

96—11—097—Ni is a matrix spike of 96—11—097—06

., %-f i



iL

•.1..—'

TOTAL ALPHA-EMITTING RADIUM QA ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 12/09/96

— Client Name: EMAX Date Analyzed : 12/16/96

Client Project ID: Jacobs/Carswell AFE Sample Matrix : soil

Lab Sample ID Series: 96—11—097 Count Duration 60 Mm.

Lab Sample ID
Known Activity

(pCi/g)
Rep't Activity

(pCi/g)
Spike
Recovery

96—ll—097—M2 68.1 17.03 60.75 6.21 89.2

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of the TPU determination.

PAl sets control limits for Total Radium measurements as follows

Control Limits = Known () 0.25 *

Acceptance Range for matrix spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

—
Remarks:

96—11—097—M2 is a matrix spike of 96—11—097—15



-PARAGON ANALYTICS, INC.
225 Commerce Drive.

Ms. Lynn Schuetter

Jacobs Engineering Group
600 17th Street, Suite II OON
Denver, CO 80202

RE: PM Workorder: 97-03-046
Client Project Name: Jacobs/Carswell AFB (DO 21)
Client Project Number: 05G47900

Dear Ms. Schuetter:

i

Seven water samples were received from Jacobs Engineering Group under the above referenced
workorder on March 7, 1997. The samples were scheduled for Radium-228 (Method 9320) and
Total Radium Alpha Emitters (Method 9315) analysis. Results for these analyses are contained in
this package. Additionally, due to the presence of excessive solids, one sample, CR-Al 58701 was
also analyzed for Radiuni-226 by gamma spectroscopy. This approach was approved by the client
on April 3, 1997.

This data is being shipped concurrently to Mr. Tom Dabney of EMAX. The Electronic Disc
Deliverable for this data will be sent via E-mail directly to Mr. Chris Skinner of Jacobs Engineering

Group.

Thank you for your confidence in Paragon Analytics, Inc. Should you have any questions, please
call

Sincerely,

Paragon Analytics, Inc.
Lori Pacheco

Project Manager

Enclosure: Report

.n 'Employee OwneiSma (RB usiness

.::t. tt:::

April 9, 1997

Fort Collins, CO 50524 , (800) 443-1511. (970) 490-1511 • FAX (970) 490-1522



J 1JACOBS
ENGINEERING GROUP INC.

600 SEVENTEENTh STREET, SUITE IIOON DENVER. COLORADO B0202
_______ TELEP-IONE 595. 8855 FAX (30 595- 6357 C R — .A 1. 5 a

USE A BALLPOINT PEN, BLACK INK, AND PRESS FIRMLY. INSTRUCTIONS ARE ON THE BACK

IereV S19315 S19321

COLLECTED & R ASED DATE TIME TURNAROUND TIME

RECEIVED BY (1 I DATE TIME RELINQUISHED BY
— il______

-

I

1tUTUfE& LV TIME
—

SHIPPING NUMIrrL

I1 .A.I

6 CHAIN OF CUSTODY RECORD

PROJECT NAME:

PROJECT NUMBE7

LABORATORY NAME & ADDRESS:

631 laple 1nne

Inc

0WBS CODE;
515-41

SUBCONTRACT F 0.0. No. f CA 90513-

SAMPLE
NUMBER

COLLECTION
(Jr . Otu Iz- z &uJ>

'.u—

o..>

-

ANALYSES
: REQUESTED

C.)

•.:...
CO01T1ON

0 ONRECEWT
.DATE TIME

1415M11 ' /s4Iq-1 1 1 Gal Poly 4..6eq1J SI315 519320 /
c-A1SUI2

I

1 1 Gal Poly

17:3o iIP.l1 k;w W73LS sV'73zc (j

COMMEnTS;

TIMEDATEii

f-ô& 9292. 3



Paragon Analytics, Inc. -Fort Collins, Colorado

CONDITION OF SAMPLE UPON RECEIPT

DATE: '/?,

FRM 201FC6 (24/1/97)

Cooler Temperature:

CLIENT:

WORKORDER NO. c-.03 c1(

SHIPPING CONTAINER #:

INITIALS:

-a

1. Does this project require special handling according to NEESA, Level 3,
or CLP protocols?

Yes (o)
If yes, complete a. and b.

a. Cooler Temperature___________________
b. Lot No's._________________________
c. Airbill Number

2. Are custody seals on the cooler intact? If so, how many N/A No
3. Are custody seals on sample containers intact? j& Yes. No
4. Is there a Chain of Custody (COC) or other representative documents, No

letters or shipping memos? .—.

5. Is the COC complete? N/A s No
Relinquished: Yes ..- No Requested Analysis: Yes ' No

6. Is the COC in agreement with the samples received?
No. of Samples: YesNo_ Sample ID's: Yes.. No_

No

Matrix: Yes / No_ No. of Containers: Yes' No
7. Are the samples requiring acid preservation preserved correctly? I(l7 Yes No
8. Is there enough sample? If so, are they in the proper containers? s No
9. Are all samples within holding times for the requested analyses? s No
10. Were the sample received on ice? I ZA Yes No
11. Were all sample containers received intact? (not broken or leaking, etc.) " No

LJ• Are samples requiring no headspace, headspace free? - I (ZA
13. Do the samples require quarantine?

Yes
Yes

No

14. Do samples require Paragon disposal? No
15. Did the client return any unused bottles? Yes (Nt

Describe "NO" items (except No's 1, 13, &14):_______________________________________________

Was the client contacted? Yes______ No_______
If yes, Date:__________ Name of person contacted:_______________

Describe actions taken or client instructions:_________________________________________________

Group Leader's Signature:_______________________ Date:____________
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Paragon Analytics, Inc.
Radiochemistry Case Narrative

228Radium by Method 9320
p. •

EMAX
Jacobs I Carswell AFB (DO 21) / 05G47900

PAl WO 97-03-046

1. This report consists of 7 water samples received by Paragon on 03/07/97.

2. These samples were prepared according to SW-846 Method 9320. The samples were
analyzed for the presence of Ra-228 by low background gas flow proportional
counting of the ingrown progeny of radium-228, actinium-228. The analyses were
completed on 03/14/97.

3. All quality control criteria were met. No anomalous situations were noted during the
preparation and analysis of these samples. All quality control criteria were met.

The data contained in the following report have been reviewed and approved by the personnel
listed below. In addition, Paragon Analytics, Inc. certifies that the analyses reported herein
are true, complete an4 correct within the limits of the methods employed.

_______________ 3
Robert Shannon Da e
Radiochemistry Technical Manager

—

Radiochemistry Final Data Review Date

PARAGON ANALYTICS, INC.
00001)1



Paragon Analytics, Inc.

SAMPLE NUMBER(S) CROSS-REFERENCE TABLE

Client Name: EMAX

Client Project ID: Jacobs/Carswell AFB (DO 21) 05G47900

DATE

PAl-ID CUent ID MATRIX SAMPLED

9703046-1 CR-A158601 Water 03/04/97
97030462 CR-A158602 Water 03/05/97

9703046-3 CR-A158603 Water 03/05/97

9703046-4 CR-A158701 Water 03/04/97

9703046-5 CR-A1587D2 Water 03/0.4/97

9703046-6 CR-A158703 Water 03/05/97

9703046-7 CR-A158704 Water 03/06/97

PARAGON ANALYTICS, INC.

U(JUOIr?
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PARAGON ANALYTICS, INC.
Radiochemistry Data Package

Section 1

SAMPLE RESULTS
SUMMARY

ooioo:
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Ra-228 MJALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 03/04/97

Client Name: EMAX Date Analyzed : 03/14/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Water

Lab Sample ID Series: 97—03-046 Count Duration: 300 Mm.

Analyzed by: RTS

Client Sample ID Lab Sample ID (pCi/i) MDA

CR—A158601 03—046—01 1.62 0.53 0.78
CR—A158602 03—046—02 1.05 0.51 0.79
CR—A158603 03—046—03 0.31 0.40 0.65
CR—A158701 03—046—04 0.82 0.43 0.66
CR—A158702 03—046—05 0.37 0.53 0.87
CR—A158703 03—046—06 1.31 0.55 0.83
CR—A158704 03—046—07 0.89 0.54 0.86

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP7O7FC and analyzed using
PAl SOP724FC.

001)004
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PARAGON ANALYTICS, INC.
Radiochemistry Data Package

Section 2

QC RESULTS
SUMMARY

1)1fl1



Ra-228 MThLYSIS RESULTØ SUMMARY

it.

Lab Name: Paragon Analytics, Inc. Date Collected: 03/10/97

Client Name: EMAX Date Analyzed 03/14/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Water

Lab Sample ID Series: 97—02—125 Count Duration: 300 Mm.

I.-

Analyzed by: RTS

Reported
—.— See PAl SOP 743FC for details of TPU determinations.

Uncertainties (2o).

These samples were prepared
PAl SOP724FC.

using PAl SOP7O7FC and analyzed using

Remarks:

Shared QC for w.o. 97—02-125 and 97—03—046.

(•) (1 1) 1)1) f

Uncertainties are the Estimated Total Propagated



Ra-228 BLMK SPIRE RESULTS —

Lab Maine: Paragon Analytics, Inc. Date Collected: 03/10/97

Client Name: EXAX Date Analyzed 03/14/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Water

Lab Workorder Number : 97—02—125 Count Duration: 74 Nm.

—

Reported Uncertainties
See PAl SOP 743FC for details of TPU determinations.

Uncertainties

Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known va1'e the

Remarks:

Shared QC for w.o. 97-02—125

reported value, without the

an d 97—03—046

r ( ñ p -.

Lab sample ii lLown value ¶L1p't Value Recovery
II

Flag
f

97—02—125—Si
J

52.8 L45.6 5.11 86.3% [ Pass
J

are the Estimated Total Propagated

uncertainty,
control limits stated above. The

should be compared

(2 t—

to that range.
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Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 03/10/97

Client Name: EMAX Date Analyzed : 03/14/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Water

Lab Workorder Number : 97-02-125 Count Duration: 300 Mm.

Lab Sample ID Known Value
H
Rep't Value j Recovery

II
Flag

97—02—125—S2 52.8 40.0 4.19
H II

Pass

—--Reported Uncertainties are the Estimated Total Propagated Uncertainties (2o).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Sample 97—02—125—S2 is a blank spike duplicate
Shared QC for w.o. 97—02—125 and 97—03—046.
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Paragon Analytics, Inc.
Radiochemistry Case Narrative

Total Radium
. Iq7

E1VIAX
Jacobs / Carswell / AFB (DO 21)! 05047900

PAT 97-03-046

This iort Consists of 7 water samples received by Paragon on 03/07/97.

2. These samples were prepared according to Paragon Analytics, Inc. procedure PAT
S0P712R3.

3. The samples were analyzed for the presence of total radium according to Paragon
Analytics, Inc. procedure PAT S0P724R4. The analyses were completed on 03/20/97.

4. The samples were initially prepared for analysis on 03/12/97. Due to a high % yield,
samples CR-A158602 and CR-Al 58701 (PAT IDs 97-03-046-02 and 97-03-046-04)
were prepared for reanalysis on 03/19/97. The results from the second analysis for
these samples are included in this data package. Due to chemical interferences,
sample CR-A158701 (PAT ID 97-03-046-04) showed an elevated yield. One of the
blank spikes for this analytical batch (97-03-046-S4) failed normal control limits for
spike recovery. The lower control limit for spike recovery is 75.0%. This blank spike
showed 68.9% recovery. The other blank spike for this analytical batch (97-03-046-
S3) passed normal control limits for spike recovery. This blank spike showed 78.6%
recovery.

5. There was some concern that the high residual mass for sample CR-Al 58701 (PM ID
97-03-046-04) could have caused increased sample self-absorption and underestimated
activity concentration results. To address this concern, the sample from the initial
preparation was recounted, along with the batch quality control samples, using a high
purity germanium detector system. These counts were performed according to
procedure PAT S0P713R4. Although this detection method lacks the sensitivity of the
gas flow proportional counting method, the results obtained duplicate the original
results within the total propagated uncertainty reported. Documentation for this
reanalysis is included in the Additional Supporting Documentation section of the data
package.

PARAGON ANALYTICS, L'JC. (JO0O')j



6. No further problems were encountered with either the client samples or the associated
quality control samples. All other quality control criteria were met.

The data contained in the following report have been reviewed and approved by the personnel
listed below. In addition, Paragon Analytics, Inc. certifies that the analyses reported herein
are true, complete and correct thin the limits of the methods employed.

LIII
1ei\ee Gallegos Date

mistri tstrumentation Technician

Radiochemisry Final Data Review D te



g

Paragon Analytics, Inc.

SAMPLE NUMBER(S) CROSS-REFERENCE TABLE

Client Name: EMAX

Client Project ID: Jacobs/Carswell AFB (DO21) 05G47900

DATE
PAT-ID Client ID MATRIX SANPLED
9703046-1 CR-A158601 Water 03/04/97
9703046-2 cR-A158602 Water 03/05/97
9703046-3 CR-Al58603 Water 03/05/97
9703045-4 CR-Al58701 Water 03/04/97
9703046-5 CR-A158702 Water 03/04/97
9703046-6 CR-A158703 Water 03/05/97
9703046-7 CR-A158704 Water 03/06/97

flO()1)IY?



PARAGON ANALYTICS, INC.
• Radiochemistry Data Package

Section 1

SAMPLE RESULTS
SUMMARY

000004
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TOTAL ALPHA-EMITTING RADIUM 7+.NALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 03/04/97

Client Name: EMAX Date Analyzed : 03/19/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Water

Lab Sample ID Series: 97-03—046 Count Duration: 60 Mm.

Client Sample ID Lab Sample ID
Total Radium

(pCi/l)

CR—A158601 03—046—01 1.62 0.23
CR—A158602 03—046—02 5.73 0.83
CR—A158603 03—046—03 < 0.12(BDL)
CR—A158701 03—046—04 4.23 0.61
CR—A158702 03—046—05 < 0.08(BDL)
CR—A158703 03—046—06 7.24 0.85
CR—Al58704 03—046—07 3.27 0.41
Blank 03—046—Bi < 0.21(BDL)
Blank 03—046—B2 < 0.30(BDL)
Duplicate of —01 03—046—Di 1.91 0.28

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2c).
See PAT SOP 743FC for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination

Remarks:

Sample 97—03—046—Di is a duplicate of 97—03—046—01.

000005



Section 2..

QC RESULTS
SUMMRY

000006

PARAGON ANALYTICS, INC.

Radiochernistry Data Package
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TOTAL ALPHA-EMITTING RADIUM QA ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

— Lab Name: Paragon Analytics, Inc. Date Collected: 03/12/97

Client Name: Shared QC Date Analyzed 03/14/97

—

Client Project ID: Blank

Lab Sample ID Series: 97—03—046

Sample Matrix

Count Duration

Water

60 Mm.

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2).
— See PAl SOP 743FC for details of the TPU determination.

PAl sets control limits for Total Radium measurements as follows

Control Limits = Known (j) 0.25 *

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

I)OOIji'j7

Lab Sample ID
Known Activity

(pci/i)
Rep't Activity

(pci/i)
Spike

Recovery

97—03—046—Si
97—03—046—S2
97—03—046—S3
97—03—046—S4

67.1 16.77
67.1 16.77
67.1 16.77
67.1 16.77

52.24 5.61
53.83 5.79
52.74 5.78
46.23 5.12

77.9
80.2
78.6
68.9



PARAGON ANALYTICS, INC.
225 Commerce Drive. Fort Collins, CO 80524. (800) 443-1511. (970) 490-1511 . FAX (970) 490-1522

June 5, 1997

Mi-. Brian.Neely
Jacobs Engineering Group, Inc.
600 17th Street, Suite 11 OON
Denver, CO 80202

RE: Paragon Workorder: 97-04-046
Client Project Name: Jacobs/Carswell AFB (D021)
Client Project Number: 05G47900

Dear Mr. Neely:
—

Seven water samples were received from Jacobs Engineering Group under the above
referenced workorder on April 5, 1997. The samples were scheduled for Radium-228
(Method 9320) and Total Radium Alpha Emitters (Method 9315) analysis. Results for these
analyses were mailed on May 6, 1997.

Per your request a copy of the data is being resubmitted. The Electronic Disc Deliverable for
this data was sent via E-mail directly to Mr. Chris Skinner of Jacobs Engineering Group.

Thank you for your confidence in Paragon Analytics, Inc. Should you have any questions,
please call.

Sincerely,

Paragon Analytics, Inc.
Lori Pacheco
Project Manager

LPIjjc
Enclosure: Report

nEmpfryee OwnetISmat('Business
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JACOBS ENGINEERING GROUP INC.
6 SEVENTEENTH STREET. SUITE I lOON DENVER. COLORADO 80202

[ TELEPHONE ( 596- 8855 FAX 303) 595-8857 C R — A 1

SHIPPING NUMBER:

.1.

6 iCHAIN OF CUSTODY RECORD
USE A BALLPOINT PEN, BLACK INK, AND PRESS FIRMLY. NSTRUC11ONS ARE ON THE BACK

PROJECT NAME: LABORATORY NAME & ADDRESS:

PROJECT NUMBE7, 5 Couerce Dr.

WBS CODE:

—.-.---
SUBCONTRACT I P.O. No.

-
Ft cui rn — -—

:' C) CONDrnON

'I —•?'-\

COLLECTION
-
:

OI i
E

- -Al11 t'"r7 I3ç 1 1 Gal Poly LI

ci-AlciMi

'ci-M613

ci-A11M4

Ck-L1615

4/fJ1Gal Poly

!'
1

Gal Poly

iji
Gal Poly

liGalPoly

UI 1St
i

UI 1 519315 9321

UI 1

S19315

519321

UI 1 119315 519321

Pciy
(qLeI 2i1J_L

COMMENTS:

07

_____________ DATE TIME

TIME

ic±c

TURNAROUND lIME

RELINQUISHED BY

RECORD RETURNED BY

bA-It'I

DATE

TIME

TIME
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QPARAGON ANALYTICS, INC.
225 Commerce Drive. Fort Collins, CO 80524 • (800) 443-1511. (970) 490-1511 • FAX (970) 490-1522

May 6, 1997

Ms. Lynn Schuetter
Jacobs Engineering Group
600 17th Street, Suite II OON
Denver, CO 80202

RE: PAl Workorder: 97-04-046
Client Project Name: Jacobs/Carswell AFB (DO 21)
Client Project Number: 05G47900

Dear Ms. Schuetter:

Seven water samples were received from Jacobs Engineering Group under the above referenced
workorder on April 5, 1997. The samples were scheduled for Radium-228 (Method 9320) and Total
Radium Alpha Emitters (Method 9315) analysis. Results for these analyses are contained in this

package.

This data is being shipped concurrently to Dr. Kam Pang of EMAX. The Electronic Disc
Deliverable for this data will be sent via E-mail directly to Mr. Chris Skinner of Jacobs Engineering

Group.

Thank you for your confidence in Paragon Analytics, Inc. Should you have any questions, please
call.

Sincerely,

Paragon Analytics, Inc.
Lori Pacheco
Project Manager

Enclosure: Report

n 'Lnij(o9ec Ownet[SnwuiRzisiz:ess
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Paragon Analytics, Inc. -Fort Collins, Colorado

CONDITION OF SAMPLE UPON RECEIPT

S1PNG COAR : /
— WORKORDER NO. 7 0 (( 0 INITIALS:

11. Does this project require special handling according to NEESA, Level 3,
or CLP protocols?

If yes, complete a. and b.
a. Cooler Temperature__________________
b. Lot No's._________________________
c. Airbill Number

2. Are custody seals on the cooler intact? If so, how many (J N/A
3. Are custody seals on sample containers intact? (.
4. Is there a Chain of Custody (COC) or other representative documents,

letters or shipping memos?

Yes No
Ye&.() No

No

5. Is the COC complete?
I Relinquished:_Yes_"_No Requested_Analysis:_Yes_'.7_No

N/A No

—
1

6. Is the COC in agreement with the samples received?
No. of Samples: Yes/No Sample ID's: Yes No
Matrix: Yes v7No No. of Containers: Yes VNo

7. Are the samples requiring acid preservation preserved correctly? I N/A
[ 8. Is there enough sample? If so, are they in the proper containers?

Q Are all samples within holding times for the requested analyses? —.---_..
. Were the sample received on ice? (I N/k..

Yes ()
Yes C(No.,i

CYesD No
C Yes) No

No

J

1.

12.

13.

14.

15.

Were all sample containers received intact?
Are samples requiring no headspace, heads
Do the samples require quarantine?
Do samples require Paragon disposal?
Did the client return any unused bottles?

(not broken or leaking, etc.)
pace free? (j N/A)

(

-
Yes

Y-e& (

Yes(

No
No
No

TINo
No

items (except No's 1, 13, &14):_______________
Zbcri+ Lb'kzc 'i-A ft- - ON. ô Ui 'cex. etf-i-r C\a L&) (CiJ-ik

Was the client ontacçed? Yes v' No______
If yes, Date: '1-1( 'y Name of person contacted: —k*

Describe actions taken or client instructions:_________________________________________________

(CrJVp1S x *L&e etzu c'4 ccc- --

Group Leader's Signature:

/
Date:______

FRM 201FC6 (24/1/97)

Cooler Temperature: N/ tc'

-5- DATE:___ 7 NYes

Describe "NO"
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JEC°Bs
ENGINEERING GROUP INC. 4j ii:

I 63 SEVENTEENTh STREET, SUtTE I ICON DENVER, COLORADO 80202

___l7ELEPONE(s95.55AX(3O3I5S.8857 CR—A 16 l8CHAIN OF CUSTODY RECORD

USE A BALLPOINT PEN, BLACK INK. AND PRESS FIRMLY. INSTRUCTIONS ARE ON THE BACK

L;TkJTIJ V'H:TE 1;.-J':r FftE I 4"1 - LLE p:c.Etr I P114K- D/JA IJUAGEMEIIT I GOLDEriL - FL:

PROJECT NAME:
21)

LABORATORY NAME & ADDRESS:
Paragon

PROJECT NUMBEI1 5 Couerce Dr.
WES CODE:

5-41
SUBCONTRACT I 0.0. No.

it COUi.S co -

•.
SAMPLE
NUMBER

—
-A1618I1

Ci-1111812

1/C1&161813

cR-A161814

U, .- -

COLLECTION :? I
. ... .. ANALYSES CONDI11ON

DATE TIME E 2- H.. REQUESTED . 0 ON RECEWT

-_. I_ —_ .>
cj/,/7 13ç 1 1 Cal ?1v 1O1 1

J9315
$19321

,fJ 1 Cal Poly

1ion

r m315 srn2I

q. 1 Cal Poli I0I I $19315 $19321

H 1 Gal Poly 101K 1 $19315 $19321

I+
1 1 Gal Poly 1 $19315 $19321

I i-€__I I

COMMENTS:

C I ASEb BY DA TiME

CEIVED i TE TIMEiQ RELINOUISHED BY DATE
'

TIME

:

RECORD RETURNED BY
—

DATE TIME

SHIPPING NUMBER:



Paragon Analytics, Inc.
Radiochemistry Case Narrative

Total Radium

EMAX
Jacobs / Carswell AFB (DO 21) I 054G7900

PAl Workorder 97-04-046

This report consists of 7 water samples received by Paragon on 04/05/97.

2. These samples were prepared according to Paragon Analytics, Inc. procedure PAT
S0P712R3.

3 These samples were tested for the presence of Total Alpha Emitting Radium Isotopes
according to Paragon Analytics, Inc. procedure PAl S0P724R4. This test is a screen
for Radium-226 and will show high bias in sample results if other alpha emitting
isotopes of radium are contained in the sample (esp. Ra-224 and Ra-223). Reanalysis
of the sample following a several week period to allow for decay of the shorter lived
interfering isotopes of radium will provide a more accurate measurement of the
Radium-226 concentration of the sample.

4. The analyses were completed on 04/25/97.

5. The samples were initially prepared for analysis on 04/04/97. The blank spike for this
analytical batch (97-04-016-SI) failed normal control limits for spike recovery. The
upper control limit for spike recovery is 125:0%. This blank spike showed 1311%
recovery. The samples were prepared for reanalysis on 04/24/97. The results from the
second analysis are included in this data package.

6. No further problems were encountered with either the client samples or the associated
quality control samples. All other quality control criteria were met.

PARAGON ANALYTICS, INC. (°°° I



The data contained in the following report have been reviewed and approved by the personnel
listed below. In addition, Paragon Analytics, Inc. certifies that the analyses reported herein
are true, complete and correct within the limits of the methods employed.

Renè Gallegos U Date
Rad emist Instrument Technician

- _____
Ra iochemistry Final Data Review Data

PARAGON ANALYTICS, INC.
(UOOO?
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Paragon Analytics, Inc.

SAMPLE NUMBER(S) CROSS-REFERENCE TABLE

Client Name: EMAX

Client Project ID: Jacobs/Carswell AFB (DO 21) 05G47900

DATE

PAt-ID Client ID MATRIX SAMPLED

9704046-1 CR-A161801 Water 04/03/97

9704046-2 CR-A161802 Water 04/04/97

9704046-3 CR-A161803 Water 04/02/97

9704046-4 CR-A161804 Water 04/03/97

9704046-5 CR-A161805 Water 04/03/97

9704046-6 CR-A161806 Water 04/04/97

9704046-7 CR-A161807 Water 04/04/97

a-

() 1)1) (j Ij 3
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TOTAL ALPHA-EMITTING RADIUM ANALYSIB REBULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 04/03/97

Client Name: EMA.X Date Analyzed : 04/25/97

Client Project ID: Jacobs/Carswell AFB (D Sample Matrix : Water

Lab Sample ID Series: 97—04—046 Count Duration: 60 Mm.

Client Sample ID Lab Sample ID
Total Radium

(pci/i)

CR—A16180l 04—046—01 2.36 0.71
CR—A161802 04—046—02 10.33 2.32
CR—A161803 04—046—03 7.15 1.67
CR—A161804 04—046—04 5.42 1.32
CR—A161805 04—046—05 9.82 2.18
CR—A161806 04—046—06 8.88 2.03
CR—A].61807 04—046—07 < 0.36(BDL)
Blank 04—046—B2 < 0.55(BDL)
Duplicate—07 04—046—D1 < 0.53(BDL)

Reported UncertaintieE are the Estimated Total Propagated Uncertainties (2c).
See PAl SOP 743FC for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination

OOO(JU
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TOTAL ALPHA-EMITTING RADIUM ANALYSIS RESULTS SUO(ARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 04/24/97

Client Name: Blank Date Analyzed : 04/25/97

Client Project ID: Shared QC Sample Matrix : Water

Lab Sample ID Series: 97—04—046 Count Duration: 60 Mm.

Client Sample ID Lab Sample ID
Total Radium

(pCi/i)

Blank
I

04—046—B2 < 0.55(BDL)
I

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2cT).
See PAl SOP 743FC for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination

Remarks:

Blank for workorders 97—04—046 and 04—016.

()UIJQ(;7



TOTAL ALPHA-EMITTING RADIUM QA ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 04/24/97

Client Name: EMAX Date Analyzed : 04/25/97

Client Project ID: Jacobs/Carswell AFB (D Sample Matrix : Water

Lab Sample ID Series: 97-04-046 Count Duration : 60 Mm.

Lab Sample ID
Known Activity

(pCi/l)
Rep't Activity

(pCi/i)
Spike

Recovery

97—04—046—S3
97—04—046—S4

67.2 16.80
67.2 16.80

73.74
66.32

109.7
98.7

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a)-c
See PAl SOP 743FC for details of the TPU determination.

PAl sets control limits for Total Radium measurements as follows

Control Limits = Known (.L) 0.25 *

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Blank Spike for workorders 97—04—046 and 04-016.
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Paragon Analytics, Inc.
Radiochemistry Case Narrative

228Radium by Method 9320

EMAX
Jacobs/Carswell AFB (DO 21)105G47900

PA! W.O. 97-04-046

1. This report consists of 7 water samples received by Paragon on 04/05/97.

2. These samples were prepared according to SW-846 Method 9320. The samples were
analyzed for the presence of Ra-228 by low background gas flow proportional
counting of the ingrown progeny of radium-228, actinium-228. The analyses were
completed on 04/14/97.

3. All quality control criteria were met. No anomalous situations were noted during the
preparation and analysis of these samples.

The data contained in the following report have been reviewed and approved by the
personnel listed below. In addition, Paragon Analytics, Inc. certifies that the analyses
reported herein are true, complete and correct within the limits of the methods employed.

Reee Gallegos U Date
Radiochemistry Instrument Technician

Radiochemistry Final Data Review Dite

PL PAGO N ANALYTICS, N C



Paragon Analytics, Inc.

SAMPLE NUMBER(S) CROSS-REFERENCE TABLE

Client Name: EMAX

Client Project ID: Jacobs/Carswell AFB (DO 21) 05G47900

DATE

PAl-ID Client ID MATRIX SAMPLED

9704046-1 CR-A16l801 Water 04/03/97
9704046-2 CR-A161802 Water 04/04/97
9704046-3 CR-A161803 Water 04/02/97
9704046-4 CR-A161804 Water 04/03/97
9704046-5 CR-A161805 Water 04/03/97
9704046-6 CR-A161806 Water 04/04/97
9704046-7 CR-A161807 Water 04/04/97

PARAGON ANALYTICS, '?.(
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Ra-228 ANALYSIS RESULTS SUMMARY

.:.tL, ;

Lab Name: Paragon Analytics, Inc. Date Collected: 04/03/97

Client Name: EMAX Date Analyzed 04/14/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Water

Lab Sample ID Series: 97—04—046 Count Duration: 300 Mm.

---

Analyzed by: RG

Reported Uncertainties are the Estimated Total Propagated
See PAl SOP 743FC for details of TPU determinations.

Uncertainties (2a).

These samples were prepared using PAl SOP7O7FC and analyzed using
PAl SOP724FC.

Remarks:

Sample 97—04—046—Di is a duplicate of 97—04—046—01.

1 Ij 1) 1)

Client Sample ID Lab Sample ID ] (pci/i) MDA

CR—A161801 04—046—01 1.22 0.63 0.98
CR—A161802 04—046—02 1.73 0.62 0.93
CR—A161803 04—046—03 0.90 0.52 0.81
CR—A161804 04—046—04 0.90 0.51 0.80
CR—A161805 04—046—05 1.39 0.58 0.88
CR—A161806 04—046—06 1.50 0.54 0.81
CR—A161807 04—046—07 —0.07 0.61 1.0
Blank 04—046—Bi 0.14 0.51 0.85
Duplicate—Ol 04—046—Di 0.61 0.43 0.69
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Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 04/08/97

Client Name: EMAX Date Analyzed : 04/14/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Water

Lab Workorder Number : 97-04-046 Count Duration: 300 Mm.

Lab Sample ID H Known Value Rep't Value
H

Recovery
fi

Flag

97—04—046—Si
H

52.3
II

51.4 5.32
II

98.2% j Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2o).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra-228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

1) (I 1) 0 1;



Ra-228 BLNX SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 04/08/97

Client Name: EMAX Date Analyzed : 04/14/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Water

Lab Workorder Number : 97-04-046 Count Duration: 300 Miri.

Sample ID Known Value Rep't Value
H

Recovery
II

Flag

97—04—046—S2
H

52.3
Q

55.5 5.72
II

106% Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Sample 97—04—046—S2 is a blank spike duplicate.

(j 0 0 0 Ii 7



PARAGON ANALYTICS

Mr. Dan Schultz
Jacobs Engineering Group
600 7th Street, Suite 11 OON
Denver, CO 80202

Sixteen soil samples and two water sample were received from Jacobs Engineering Group
under the above referenced workorder on November 9, 1996. The samples were scheduled
for Radium-228 and Total Radium Alpha Emitters analysis according SW-846 Methods 9320
and 9315 respectively. The results for the Total Radium analyses as well as original custody
documentation are contained in the enclosed report. The results for Radium-228 will be
forwarded to you as they are completed.

Please consult the individual data packages for case narratives specific to each method

Thank you for your confidence in Paragon Analytics, Inc.
please call.

Sincerely,

Should you have any questions,

F-

Paragon Analytics, Inc
Lori Pacheco
Project Manager

Enclosure Report

iln 'Emp(oyee Ow'ietSmaffBu.cine4s

FF 1F.

INC.
225 Commerce Drive. Fort Collins, CO 80524 . (800) 443-1511. (970) 490-1511 • FAX (970) 490-1522

December 24, 1996

UT

t3EC 2i B9
iE -

RE PAl Workorder: 96-1 1-057
Client Project Name; Jacobs/Carswell AFB
Client Project Number; 05G47900

Dear Mr Schultz;

(DO 21)



Paragon Analytics, Inc.
Radiochemistry Case Narrative

Total Radium by SW-846 Method 9315

EMAX
Jacobs / Carswefl AFB (DO 21) 05G47900

This report
Paraeon on

consists of 6 soil
11/09/96.

samples and 2 equipment rinsate blanks received by

2 These samples were prepared according to SW-846 Method 9315 (modified). The
corresponding Paragon Analytics, Inc. procedure is PA! S0P712R3. The following
modifications to the method were necessary due to the matrix of the sample. The solid
samples were digested in nitric acid, and the digestate processed as a water sample
according to SW-846 Method 9315. Due to laboratory error, the entire volume of
equipment rinsate supplied was prepared with water samples from a batch of samples
hein analyzed for radium-226!228. The affected samples were split from the batch
following the initial barium sulfate precipitation and prepared parallel to solid samples
in these work orders. Thus a dedicated blank spike was not analyzed with the wawr
sample The blank spike samples prepared in association with the solid samples
indicate satisfactory method performance

PARAGON ANALYTICS, INC.

—%--

Client ID Paragon ID Client ID Parazon ID
CR-A157401 96-11-057-01 CR-A157507 96-11-057-11
CR-A157403 96-1 1-057-02 CR-A157508 96-11-057-12
CR-A157404 96-11-057-03 CR-A157601 96-11-057-13
CR-A157405 96-11-057-04 CR-A157602 96-1 1-057-14
CR-A157406 96-1 1-057-05 CR-A157603 96-11-057-15
CR-A157501 96-11-057-06 CR-A157604 96-11-057-16
CR-A157503 96-11-057-07 CR-A157605 96-11-057-17
CR-A157504 96-11-057-08 CR-A157606 96-11-057-18
CR-Al575U5 96-11-057-09
CR-A157506 96-11-057-10



3. The samples were analyzed by low background gas proportional counting for the
presence of total alpha emitting radium isotopes according to Paragon Analytics, Inc.
procedure PAi S0P724R4. The analyses were completed on 12/13/96.

4. The presence of alpha emitting radium isotopes other than Radium-226 (e.g. Ra-224,
Ra-223) is a known interference to the determination of Radium-226 using the
requested methodology. A separate measurement can be conducted to specifically
determine the Radium-226 activity of these samples, If necessary, the measurement
should be conducted within four weeks of preparation of these samples.

5. No problems were encountered with either the client samples or the associated quality
control samples. All quality control criteria were met.

The data contained in the following report have been reviewed and approved by the personnel
listed below. In addition, Paragon Analytics, Inc. certifies that the analyses reported herein
are true, complete and correct within the limits of the methods employed.

David Burns Date
Radiochemistry Technical Manager

___________________ /c(
Iadiochemi'stry Final Data Review Date

PARAGON ANALYTICS, HC



RADIOCHEMISTRY DATA PACKAGE CONTENTS

PARAGON ANALYTICS, INC.

LOW BACKGROUND GAS FLOW PROPORTIONAL ANALYSIS

Section 1 Sample Results Summary

Section 2 QC Results Summary

Section 3 Individual Sample Results

Section 4 Raw Data

Mass Documentation
Mass-Efficiency Calibration (m, b values)
Sample, Blank, LCS, Background Data

Section 5 Quality Assurance Summary Reports

Non-Compliance Reports (If Applicable)

Section 6 Laboratory Bench Sheets

Section 7 Standard Traceability Documents

Certificates and Dilution Records
Carrier Reagent Documentation

Section 8 Chain of Custody

Section 9 Additional Supporting Documentation

Instrument Performance Checks

Cross-talk documentation is not applicable for this analysis.
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SAMPLE RESULTS
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TOTAL ALPHA-EMITTING RADIUM ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 11/06/96

Client Name: EMAX Date Analyzed : 12/13/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11—057 Count Duration: 60 Mm.

Client Sample ID Lab Sample ID
Total Radium

(pCi/g)

CR—A157401 11—057—01 0.77 0.15
CR—A157403 11—057—02 0.87 0.10
CR—A157404 11—057—03 0.63 0.07
CR—A].57405 11—057—04 0.97 0.11
CR—A157406 11—057—05 0.01 0.00
CR—A15'501 11—057—06 1.22 0.13
CR—A157503 11—057—07 0.89 0.15
CR—A157504 11—057—08 1.43 0.22
CR—Al57505 11—057—09 1.47 0.17
CR—A157506 11—057—10 1.08 0.17
CR—A157601 11—057—13 0.80 0.09
CR—A157602 11—057—14 0.71 0.11
CR—Al57603 11—057—15 0.57 0.09
CR—A157604 11—057—16 0.64 0.10
CR—Al57605 11—057—17 0.48 0.10
CR—A157606 11—057—18 1.09 0.19
Blank 11—057—B1 < 0.16(BDL)
Blank
Duplicate
Duplicate

11—057—B2
ll—057—Dl
ll—057—D2

< 0.19(BDL)
0.98 0.12
1.08 0.16

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a)
See PAl SOP 743FC for details of the TPTJ determination.

— BDL = Below Detection Limit; see method for DL determination

' Remarks:

96—11—057—Di is a duplicate of sample 96—11—057—01.
96—11—057—D2 is a duplicate of sample 96—11—057—10.

a;
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TOTAL ALPHA-EMITTING RADIUM ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 11/06/96

Client Name: EMAX Date Analyzed : 12/23/96

Client Project ID: Jacobs / Carswell AFB Sample Matrix : Water

Lab Sample ID Series: 96—11—057 Count Duration: 60 Mm.

Client Sample ID Lab Sample ID
Total Radium

L (pCi/l)
CR—A157507
CR—A157508

11—057—11
11—057—12

< 0.11(BDL)
< 0.09(BDL)

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2cr
See PAl SOP 743FC for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination
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TOTAL ALPRA-EHITTING RADIUM ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 12/04/96

Client Name: EMAX Date Analyzed : 12/24/96

Client Project ID: Jacobs / Carswell AFB Sample Matrix : Water

Lab Sample ID Series: 96-11-194 Count Duration: 60 Mm.

Client Sample ID Lab Sample ID
Total Radium

(pci/i)

Blank 11—194—Bi < 0.03(BDL)

Reported Uncertainties are the Estimated Total Propagated Uncertainties (27).
See PAl SOP 743FC for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination

i
U u U I



Section 2

QCRESULTS
SUMMARY

,,\ r r
LI U U U

a

- ---t, •;--
•-;:---•':'

— •-• - .r- •-.j''..

-- - -•.

PARAGONANALYTICS, INC:

Radiochemistry Data Package



rn

TOTAL ALPHA-EMITTING RADIUM QA MALYSIS

Lab Name: Paragon Analytics, Inc. Date Collected: 12/06/96

Client Name: EMAX Date Analyzed 12/13/96

Client Project ID: Jacobs/Carswell

Lab Sample ID Series: 96—11—057

AFB Sample Matrix : Soil

Count Duration 90 Mm.

—-,

Lab Sample ID
Known Activity

(pCi/g)
Rep't Activity

(pCi/g)
Spike

Recovery

96—11—057—Si
96—1i—057—S2

55.5 13.88
55.5 13.88

P 44.33 4.65

[

48.15 5.00
79.9
86.8

Uncertainties are the Estimated
See PAl SOP 743FC for details of

Total Propagated Uncertainties (20).

PAl sets control limits for Total Radium measurements as follows

Control Limits = Known () 0.25 *

control limits stated above. The
uncertainty, should be compared to that range

LI — ¼) •._, '7
/1)

Method 903.0 (Modified)

RESULTS SUMMARY

Reported
the TPU determination.

Acceptance Range for blank spike samples is the known value the
reported value, without the



TOTAL ALPHA-EMITTING RADIUM QA ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 11/06/96

Client Name: EMAX Date Analyzed : 12/13/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96-11—057 Count Duration 90 Mm.

P
Lab Sample ID

Known Activity
(pCi/g)

Rep't Activity
(pCi/g)

Spike
Recovery

96-11-057—Mi
j

56.7 14.18 1L 49.31 5.14 86.9

Reported Uncertainties are the Estimated Total Propagated Uncertainties
See PAl SOP 743FC for details of the TPU determination.

PAl sets control limits for Total Radium measurements as follows

Control Limits = Known () 0.25 *

Acceptance Range for matrix spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

96—11—057—Ni is a natrix spike of 96—11—057—06.
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TOTAL ALPHA-EMITTING RADIUM QA ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 11/06/96

Client Name: EMAX Date Analyzed : 12/13/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96-11—057 Count Duration 90 Mm.

Lab Sample ID
Hnown Activity

(pCi/g)
Rep't Activity

(pCi/g)
Spike

Recovery

96—ll—057—M2
[

56.1 14.02 43.27 4.54 T 77.2

Reported Uncertainties are the Estimated Total Propagated Uncertainties (20).
— See PAl SOP 743FC for details of the TPU determination.

PAl sets control limits for Total Radium measurements as follows

Control Limits = Known (ji) 0.25 *

Acceptance Range for matrix spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

— Remarks:

96—11—057--M2 is a matrix spike of 96—11—057—15.

,1
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I(J PARAGON ANALYTICS, INC.
225 Commerce Drive. Fort Coffins, CO 80524 • (800) 443-1511. (973) 490-1511 • FAX (970) 490-1522

February 5, 1997
RECEt\/Ej

FEE' C 127
Ms. Lynn Schuetter
Jacobs Engineering Group
600 17th Street, Suite iIOON
Denver, CO 80202

RE PAl Workorder: 96-11-057
Client Project Name: Jacobs/Carswell AFB (DO 21)
Client Project Number: 05G47900

Dear Mr. Schuetter:

Sixteen soil samples and two water sample were received from Jacobs Engineering Group
under the above referenced workorder on November 9, 1996. The samples were scheduled
for Radium-228 and Total Radium Alpha Emitters analysis according SW-846 Methods 9320
and 9315 respectively. The results for the Total Radium were reported on December 24,
1996. The results for Radium-228, as well as original custody documentation, are included in
this package

Please consult the individual data packages for case narratives specific to each method.

Paragon Analytics, Inc. apologizes for the delay in the delivery of this data. Should you have
any questions, please call.

Sincerely,

Paragon Analytics, Inc.
Lori Pacheco
Project Manager

Enclosure Report

n 'Emp(oyee OwneiSmiTBusine.ss
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Paragon Analytics - Fort CoI1ins Colorado

CONDITION OF SAMPLE UPON RECEIPT

SHIPPING CONTAINER #:

4—

€2

Cooler Temperature: 2

ATI FRM 201FC5 (2121/96)

—
CLIENT: /
WORKORDERNO. INITIALS: DATE:
I. Does this project require special handling according to NEESA. Level 3,

or CLP protocols?
If yes, complete a. and b.

a. Cooler Temperature___________________
b. Lot No's.________________________
c. Airbill Number

Yes (JçI

2. Are custody seals on the cooler intact? If so, how many N/A j) No
3. Are custody seals on sample containers intact? 1JA Yes No
4. Is there a Chain of Custody (COC) or other representative documents,

letters or shipping rriemos?
s No

5. Is the COC complete?

Relinquished:_YesNo___Requested_Analysis:_Yes/__No_
No

6. Is the COC in agreement with the samples received?
No. of Samples: Yes ' No_ Sample ID's: Yes' No_
Matrix: Yes7 No No. of Containers: Yes- No_

No

7. Are the samples preserved correctly? N/A Yes
8. Is there enough sample? If so, are they in the proper containers? fj No
9. Are all samples within holding times for the requested analyses? No
10. Were the sample received on ice? WTL Yes No
11. Were all sample containers received intact? (not broken or leaking, etc.) \ No
12. Are samples requiring no headspace, headspace free? ck Yes No

13. Do the samples require quarantine? Yes 9
14. Do samples require ATI disposal? No
15. Did the client return any unused bottles? Yes

Describe "NO" items (except Noes 1, 13, &14): (J -4.w +o Wc.'
lLrx..

t_gyT -

Was the client contcted? Yes ( No I

If yes, Date: Name of person contacted:
Describe actions taken or client instructions: 'c.

Group Leader's Signature:_________________ Date:_________
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Paragon Analytics, I
Radiochemistry Case Narrative

228Radium by Method 9320

EMAX
Jacobs / Carswell AFB / (DO 21)

Date Prep Batch Date Prep Batch

I. This report consists of 16 soil and 2 water samples received by Paragon on J 11109196.

2. These samples were prepared according to SW-846 Method 9320. The samples were
analyzed for the presence of Ra-228 by low background gas flow proportional
counting of the ingrown progeny of radium-228, actinium-228. The analyses were
completed on 01/28/97.

3. The following deviations from the requested method were noted:

PARAGON ANALYTICS, INC

pinc.

IDParagon ID Analyzed ID Paragon ID Analyzed
96-11-057-01 12/23196 11057R68.XL4 96-1i-057-B3 01/06/97 11057R68.XLX
96-11-057-02 12/23/96 11 057R68.XL4 96-11 -057-B4 01/06/97 11 057R68.XLX
96-1 1-057-03 12/23/96 11 057R68.XL4 96-11 -057-B5 01/28/97 11 057R6.XL1
96-1 1-057-04 12/23/96 1 1057R68.XL4 96-1 1-057-B6 01/28/97 1 1057R6.XL1
96-11-057-05 12/23/96 11 057R68.XL4 96-11 -057-Di 01/06/97 11 057R68.XLX
96-11-057-06 01/28197 11057R6XL1 96-11-057-D2 01/06/97 11057R68.XLX
96-11-057-07 01/28197 11 057R6.XL1 96-1 1-057-D3 01/28/97 11 057R6.XL1
96-11-057-08 01/28/97 11 057R6.XL1 96-11-057-Mi 12/23196 ii 057R68.XL4
96-11-057-09 01/03/97 11 057R68.XLX 96-11 -057-M2 01/06/97 11 057R68.XLX
96-11-057-10 01/03/97 11057R68.XLX 96-i1-057-M3 01/28/97 11057R6.XL1
96-11-057-11 01/03/97 11 073R68.XLS 96-11-057-Si 12/23/96 11 057R68.XL4
96-11-057-i 2 01/03/97 11 073R68.XLS 96-li -057-S2 1 2I23/96 11 057R68.XL4
96-11-057-13 01/03/97 11 057R68.XLX 96-11 -057-S3 01/06/97 11 057R68.XLX
96-11-057-14 01/28/97 11057R6XL1 96-i1-057-S4 01/06/97 11057R68.XLX
96-1 1-057-15 01/06/97 11 057R68.XLX 96-1 1-057-S5 01/28/97 11 057R6.XL 1

96-11-057-16 01/06/97 11 057R68.XLX 96-il -057-S6 01/28/97 ii 057R6.XL1
96-i 1-057-17 01/28197 11 057R6.XL1 96-1 1-073-BI 01/02/97 11 073R68.XLS
96-11-057-18 01/06/97 11 057R68.XLX 96-11 -073-B2 01/02/97 11 073R68.XLS
96-11-057-Bi 12/23/96 11057R68.XL4 96-11-073-SI 01/02/97 11073R66.XLS
96-11 -057-B2 12/23/96 ii 057R68.XL4 96-11 -073-S2 01/02/97 11 073R68.XLS



a) Method 9320 makes no reference to the analysis of soil samples. The soil samples
from this work order were initially leached in concentrated nitric acid. The leachate
was then processed as a water sample according to the method.

b) Due to suspected matrix interference, low chemical yield was noted for several
samples upon initial analysis of these samples. Individual samples showing low
chemical yield which thus failed to meet requested detection limits were reprepared
and reanalyzed. Time delay between separation and counting (and thus decay) were
minimized to improve the sensitivity of the measurements.

c) The above table provides a cross reference of sample D's and prep batch
designation for submitted results. Submitted results either show activity greater the
requested MDA or meet the requested MDA's for all samples, except those listed
below.

CR-A157501 PAl 96-11-057-06
CR-A157503 PM 96-11-057-07
CR-A157602 PAl 96-11-057-14
CR-Al 57604 PM 96-11-057-16
CR-A157605 PAl 96-11-057-17

The initial analysis for these samples resulted in a higher MDA than the client
requested. The samples were prepared for reanalysis, which again resulted in an
elevated MDA.

d) Due to laboratory error, preparation of water samples CR-A157507 (PM 96-11-
057-11) and CR-A157508 (PAl 96-11-057-12) were initiated with an aliquot of 4
liters according to the in-house method for Radium-226/228. The error was noted
following the initial barium sulfate precipitation. The precipitate was subsequently
dissolved in basic EDTA as per procedure and split into portions for analysis
according to Method 9315 (Total Alpha Emitting Radium Isotopes) and Method 9320
(Radium-228). Although chemical preparation was carried Out by requested methods,
the QC batch in which the samples were analyzed failed to meet QC acceptance
criteria for blank spikes (outside limits, low). The suspected cause for the failure was
an inaccurate estimation (high) of the chemical yield resulting from inadequate
washing of the precipitate. Reanalysis was not possible since sample volumes were
depleted. Reported results are qualified "reject" due to the failure to meet QC criteria.

PARAGON ANALYTICS, INC.

flhi(Thfl2



The data contained in the following report have been reviewed and approved by the personnel
listed below. In addition, Paragon Analytics, Inc. certifies that the analyses reported herein
are true, complete and correct within the limits of the methods employed.

_______________ a
Robert Shannon Date
Radiochemistry Technical Manager

Radiochemistry Final Data Review Date

PARAGON ANALYTICS, INC.
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Ra-228 ?NALYBIS RESULTS SU1O(Y

Lab Name: Paragon Analytics, Inc. Date Collected: 11/06/96

Client Name: EMAX Date Analyzed : 12/23/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11—057 Count Duration: 300 Mm.

Analyzed by: DCB

Client Sample ID Lab Sample ID (pCi/g) r MDA

CR—A157401 11—057—01 —0.03 0.28 0.47
CR—A157403 11—057—02 0.09 0.26 0.44
CR—A157404 11—057—03 0.19 0.24 0.39
CR—A157405 11—057—04 0.25 0.22 0.35
CR—A157406 11—057—05 0.30 0.26 0.43
CR—A157501 11—057—06 0.51 0.46 0.75
CR—A157503 11—057—07 0.45 0.42 0.68
CR—A157504 11—057—08 0.33 0.42 0.69
CR—A157505 11—057—09 0.82 0.43 0.67
CR—A157506 11—057—10 0.70 0.33 0.51
CR—A157704 11—057—13 1.24 0.50 0.76
CR—A157602 11—057—14 0.42 0.47 0.78
CR—A157603 11—057—15 —0.21 0.31 0.52
CR—A157604 11—057—16 —0.11 0.39 0.67
CR—A157605 11—057—17 0.10 0.34 0.56
CR—A157606 11—057—18 0.55 0.28 0.44

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2w).
See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.
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Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 11/06/96

Client Name: EMAX Date Analyzed : 01/03/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Water

Lab Sample ID Series: 96—11-057 Count Duration: 360 Mm.

Analyzed by: DCB

Client Sample ID Lab Sample ID (pCi/L) MDA

CR—A157507 1
CR—A157508

J

r 11—057—11
11—057—12

0.51 0.34
0.17 0.27

0.54
0.44

Reported Uncertainties are the Estimated Total Propagated Uncertainties (ç-7
See PM SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP7O7FC and analyzed using
PAl SOP724FC.
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Ra-228 7NALYBIS RESULTS SUI4MRY

Lab Name: Paragon Analytics, Inc. Date Collected: 12/13 /96

Client Name: EMAX Date Analyzed : 12/23/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix Soil

Lab Sample ID Series: 96—11—057 Count Duration: 300 Miii.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.
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Ra-228 IiRALYSIS RESULTS SUXI4ARY

fr,4 i. If Jr

Lab Name: Paragon Analytics, Inc. Date Collected: 12/ 13/ 96

Client Name: EMAX Date Analyzed 12/23/96

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11—057 Count Duration: 300 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (
See PAl SOP 743FC for details of TPU determinations

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.

—
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Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 12 /26/ 96

Client Name: EMAX Date Analyzed : 01/06/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Soil

Lab Sample ID Series: 96-11-057 Count Duration: 375 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
— and analyzed using PAl SOP724FC.
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Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 12/ 2 6/96

Client Name: EMAX Date Analyzed : 01/06/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11—057 Count Duration: 375 Nm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (
See PAl SOP 743FC for details of TPU determinations

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC

n n fl 111 1
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Ra-228 ANALYSIS RESULTS SU)ARY

Lab Name: Paragon Analytics, Inc. Date Collected: 01/22/97

Client Name: EMAX Date Analyzed 01/28/97

Client Project ID: JacobsfCarswell APB Sample Matrix Soil

Lab Sample ID Series: 96—11—057 Count Duration: 600 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.

—
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Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 01/22/9 7

Client Name: EMAX Date Analyzed 01/28/ 97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Soil

Lab Sample ID Series: 96—11—057 Count Duration: 600 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (
See PAl SOP 743FC for details of TPU determinations

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.
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Ra-228 BLMJX SPIKE RESULTS

Lab Name: Parago: Analytics, Inc. Date Collected: 12/13/96

Client Name: EMAX Date Analyzed : 12/23/96

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96-11-057 Count Duration: 300 Mm.

Lab Sample ID

96—11—057—Si

Known Value

18.1

H

II

Rep't

17.9

Value

1.86 j

Recovery

98.6%

H
Flag

Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra-228.

-

Acceptance Range for blank spike samples is the known value the
— controllimits stated above. The reported value, without the

uncertainty, should be compared to that range.

000014



Ra-228 BLNX SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 12/13/96

Client Name: EMAX Date Analyzed : 12/23/96

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96-11—057 Count Duration: 300 Mm.

ab Sample ID Known Value Rep't Value Recovery 7 Flag

H 96_1l—057_S211
18.].

H
18.4 1.93 101%

H
Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (21:
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.
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Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 12/26/96

— Client Name: EMAX Date Analyzed : 01/06/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96-11-057 Count Duration: 375 Mm.

Lab Sample ID

96—11—057—S3

Known Value

0
18.0

Rep't

12.6

Value

1.31

Recovery

69.6%

H
Flag

Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2).
See PAl SOP 743FC for details of TPU determinations.

Cntrol Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
— control limits stated above. The reported value, without the

uncertainty, should be compared to that range.
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Ra-228 BLPJI SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 12/26/96

Client Name: EMAX Date Analyzed : 01/06/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96-11-057 Count Duration: 375 Mm.

Lab Sample ID H Known Value
) Rep't Value f Recovery f Flag

96—11—057—S4
)J

18.0
I)

16.0 1.67 J[ 88.6%
II

Pass
J

Reported Uncertainties are the Estimated Total Propagated Uncertainties (aT.
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

I
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Ra-228 BLNX SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 01/22/97

Client Name: EMAX Date Analyzed : 01/28/97

— Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96—11-057 Count Duration: 600 Mm.

Lab Sample ID Known Value Rep't Value
J Recovery j Flag

96—l1—057—S5 17.9 17.5 1.82 Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2c).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.
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Ra-228 BL?.NX SPIRE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 01/22/97

Client Name: EMAX Date Analyzed : 01/28/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96-11-057 Count Duration: 600 Mm.

Lab Sample ID Known Value
II
Rep't Value [ Recovery j Flag

96—11--057—S6 17.9 24.5 2.57 137% Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

Control Limits Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.
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Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 11/07/96

Client Name: EMAX Date Analyzed : 01/06/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11-057 Count Duration: 375 Mm.

Analyzed by: RTS

Client Sample ID H Lab Sample ID H (pCi/g) [ MDA

Duplicate —06
H

ll—057—D1
0
—0.34 0.59 1.0

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2c).—' See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.

Remarks:

Sample 96—11—057—Di is a duplicate of 96—ll—057—06.

0000_0
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Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 11/07/96

Client Name: EMAX Date Analyzed : 01/06/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11—057 Count Duration: 375 Mm.

Analyzed by: RTS

J Client Sample ID Lab Sample ID (pCi/g) [ MDA

Duplicate —15
IL

11—057—D2
(j

0.53 0.44 0.71 1

Reported Uncertainties are the Estimated Total Propagated Uncertainties (.
See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.

Remarks:

Sample 96—11—057—D2 is a duplicate of 96—11—057—15.

1)1) fl (1 1



Ra—228 7NALYSIB RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 11/06/96

Client Name: EMAX Date Analyzed 01/28/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Soil

Lab Sample ID Series: 96—11—057 Count Duration: 600 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPTJ determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC— and analyzed using PAl SOP724FC.

Remarks:

Sample 96—11—057—D3 is a duplicate of 96—11—057—06.
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RADIUM-228 MATRIX SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 11/06/96

Client Name: EMAX Date Analyzed : 12/23/96

Client Project ID : Jacobs/Carswell AFB Sample Matrix Soil

Lab Workorder Number : 96-11—057 Count Duration: 300 Miri.

Lab Sample ID
Ra—228

Known Value
Ra—228

Rep't Value
Ra—228

Recovery Flag

96—11—057—Mi 19.2 8.34 ( 16.7 1.75 87.1% Pass

..ll

Reported Uncertainties are the Estimated Total Propagated Uncertainties
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra-228

Acceptance Range for matrix spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range

Remarks:

Sample 96—11—057—Mi is a matrix spike of sample 96—11—057—09.

flflfli23



RADIUX-228 I4ATRIX SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 11/06/96

Client Name: EMAX Date Analyzed : 01/06/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96-11—057 Count Duration: 375 Mm.

Lab Sample ID
Ra—228

Known Value
Ra—228

Rep't Value
Ra—228
Recovery Flag

96—11—057—142 19.2 8.34 27.2 2.84 142% Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra—228

— Acceptance Range for matrix spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Sample 96—11—057—142 is a matrix spike of sample 96—11—057—09.

(1 1 fl (1, it



RADIUM-228 MATRIX SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 11/06/ 96

Client Name: EMAX Date Analyzed 01/28/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix Soil

Lab Workorder Number : 96—11-057 Count Duration: 600 Mm.

Lab Sample ID
Ra—228

Known Value
Ra—228

Rep't Value
Ra—228
Recovery Flag

r 96—11—057—M3 (
18.8

8.18]r 26.2 2.71]
139% Pass

Reported Uncertainties are the Estimated Total Propagated
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra-228

Uncertainties (2a

Acceptance Range for matrix spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range

Remarks

Sample 96—11—057—M3 is a matrix spike of sample 96—11—057—07.
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Ra-228 ANALYSIS RESULTS SW4XANY

:: i'

Lab Name: Paragon Analytics, Inc. Date Collected: 12/13/96

—
Client Name: EMAX Date Analyzed 01/02/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Soil

Lab Sample ID Series: 96—11—073 Count Duration: 360 Mm.

Analyzed by: DCB

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.
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Ra-228 MThLYSIS RESULTS SWO1RY

a

Lab Name: Paragon Analytics, Inc. Date Collected: 12/13/96

Client Name: EMAX Date Analyzed : 01/02/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Soil

Lab Sample ID Series: 96—11—073 Count Duration: 360 Mm.

Analyzed by: DCB

Reported Uncertainties are the Estimated Total Propagated Uncertainties C
See PAl SOP 743FC for details of TPU determinations

These samples were prepared using PAl SOP721FC and PAl SOP717FC
and analyzed using PAl SOP724FC.
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Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 12/26/96

Client Name: EMAX Date Analyzed : 01/02/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Soil

Lab Workorder Number : 96-11-073 COUnt Duration: 360 Mm.

Lab Sample ID Known Value Rep't Value ] Recovery Flag

96—11—073—Si 18.0
H

7.47
H

41.4% Fail

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2c1).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra-228.

Acceptance Range for blank spike samples is the n value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

—
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Ra—223 BLANK SPIKE RESULTS

Lab 1Ime: Paragon Analytics, Inc. Date Collected: 12/26/96

Client Nane: MAX Date Analyzed 01/02/97

Client Project ID Jacobs/Carswell AFB Saiple Natrix Soil

Lab Workorder Number : 96-11—073 Count Duration: 360 Mm.

SOP 743FC or details of TPU determinations.

Control Limits = Known 43% for Ra—228.

'cceptanca Range for b1ark spike sanples is the known value
stated above.

uncertainty, should be conpared to that range.

\ 000022

Reportede PAl
Uncertainties are the Estiniated

control limits

Total Propagatd Uncertainties

The reported value, without the
the
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Paragon Analytics, Inc.
Radiochemistry Case Narrative

228Radium by Method 9320

EMAX
Jacobs / Carswell AFB (DO 21) / 05G47900

PAl WO 97-02-125

1. This report consists of 1 water sample received by Paragon on 02/21/97.

2. These samples were prepared according to SW-846 Method 9320. The samples were
analyzed for the presence of Ra-228 by low background gas flow proportional
counting of the ingrown progeny of radium-228, actinium-228. The analyses were
completed on 03/14/97.

3. All quality control criteria were met. No anomalous situations were noted during the
preparation and analysis of these samples. All quality control criteria were met.

The data contained in the following report have been reviewed and approved by the personnel
listed below. In addition, Paragon Analytics, Inc. certifies that the analyses reported herein
aie true, complete an correct within the limits of the methods employed.

Robert Sha on Date
Radiochemistry Technical Manager

Radiochemistry Final Data Review Date

PARAGON ANALYTICS, INC.
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Paragon Analytics, Inc.

SAMPLE NUMBER(S) CROSS-REFERENCE TABLE

Client Name: EMAX

Client Project ID: Jacobs/Carswell AFB (DO 21) 05G47900

DATE

PAI-!D CUent ID MATRIX SAMPLED

9702125-1 CR-A 161301 LIquid 02/14/97
9702125-2 CR-A 161302 Water 02/14/97

9702125-3 CR-A 161303 Liquid 02/16/97

-n

PARAGON ANALYTICS, INC.
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PARAGON ANALYTICS, INC.

Radiochemistry Data Package

Section 1

SAMPLE RESULTS
SUMMARY
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Ra-22B ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 02/14/97

Client Name: ENAX Date Analyzed : 03/14/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Water

Lab Sample ID Series: 97—02—125 Count Duration: 300 Mm.

Analyzed by: RTS

Client Sample ID Lab Sample ID j (pCi/l)
]

MDA

CR—A 161302
Blank
Duplicate of —02

02—125—02
02—125—Bl
02—125—Dl

0.46 0.55
0.44 0.46
0.10 0.50

0.89
0.75
0.83

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

— These samples were prepared using PAl SOP7O7FC and analyzed using
PAl SOP724FC.

Remarks:

Sample 97—02—125—Di is a duplicate of 97—02—125—02.

—S
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PARAGON ANALYTICS, INC.
Radiochemistry Data Package

Section 2

QC RESULTS
SUMMARY
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Ra-228 BLMK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 03/10/97

Client Name: EMAX Date Analyzed : 03/14/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Water

Lab Workorder Number : 97—02—125 Count Duration: 74 Mm.

Lab Sample ID Known Value j Rep't Value Recovery Flag

97—02—125—Sl 52.8
J

45.6 5.11 86.3%
jJ

Pass
J

—--' Reported Uncertainties are the Estimated Total Propagated Uncertainties (2).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Shared QC for w.o. 97—02—125 an d 97—03—046.
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Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 03/10/97

Client Name: EMAX Date Analyzed : 03/14/97

Client Project ID : JacobsfCarswell AFB Sample Matrix : Water

Lab Workorder Number : 97-02-125 Count Duration: 300 Mm.

Lab Sample iiJ1 Known Value Rep't vaiuej[ Recovery Flag

97—02—125--S2 52.8 40.0 4.19
II

75.7% Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2rp-v
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra-228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Sample 97—02—125—S2 is a blank spike duplicate
Shared QC for w.o. 97—02—125 and 97—03—046.



Paragon Analytics, Inc.
Radiochemistry Case Narrative

Total Radium
[• 2.

EMAX
Jacobs/Carswell AFB (DO 21)/05G47900

PAT Workorder 97-02-125

I This report consists of 1 water sample received by Paragon on 02/2 1/97.

2. The sample was prepared according to Paragon Analytics, Inc. procedure PAl
S0P712R3.

3. The sample was analyzed for the presence of total radium according to Paragon c
Analytics, Inc. procedure PAl S0P724R4. The analyses were completed on
03/14/97.

4. No problems were encountered with either the client samples or the associated quality
control samples. All quality control criteria were met.

The data contained in the following report have been reviewed and approved by the
personnel listed below. In addition, Paragon Analytics, Inc. certifies that the analyses
reported herein are true, complete and correct within the limits of the methods employed.

I i.' \;J , /;i ![ 4

Rene' Gallegos Date /
Ra chemitpr Instrumentation Technician

Radiochemistry Final Data Review Date

PARAGON ANALYTICS, HE. (j(j1JQj I
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Paragon Analytics, Inc.

SAMPLE NUMBER(S) CROSS-REFERENCE TABLE

Client Name: EMAX

Client Project ID: Jacobs/Carswell AFB (DO 21) 05G47900

DATE

PAl-ID Client ID MATRIX SAMPLED

9702125-1 CR-A 161301 Liquid 02/14/97
9702125-2 CR-A 161302 Water 02/14/97
9702125-3 CR-A 161303 Liquid 02/16/97

U U 0 i
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PARAGON ANALYTIcs, iNC.
Radiochemistry Data Package

Section 1
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SUMMARY
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TOTAL ALPHA-EMITTING RADIUM ANALYSIS RESULTS BUXXARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 02/14/97

Client Name: EMAX Date Analyzed 03/14/97

Client Project ID: Jacobs/Carswell AFB

Lab Sample ID Series: 97—02—125

Sample Matrix :

Count Duration:

Water

60 Mm.

/

Client Sample ID Lab Sample ID
Total Radium

(pci/i)

CR—A 161302
j

02—125—02 < 0.22(BDL)
I

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination

(iUUQj1



PARAGON ANALYTICS, INC.

Radiochemistry Data Package

..—---
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Section 2

QC RESULTS
SUMMARY
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TOTAL ALPHA-EMITTING RADIUM ANALY31S

-tt tL,

RESULTS SUMMARY

Nethc 903.0 (Mcdi)

Lab Name: Paragon Analytics, Inc. Date Collected: 03/12/97

—
Client Name: Shared QC Date Analyzed 03/14/97

Client Project I ETh'

Lab Sample ID Series: 97—03—046

Sample Natrix : Water

Count Duration: 60 Mm.

I-

Client Sample ID Lab Sample ID
Total Radium

(pci/i)

Blank 03—046—El
I

< 0.21(BDL)
j

Uncertainties are the Estimated Total
SOP 743FC f' 'ai1

BDL = Below Detection Limit; see method for DL determination

Remarks:

Blank for work orders 97—03—046, 03—032, and 02—125.

Reported
See PAl

Propagated- 'ation.
Uncertainties (2a).
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TOTAL ALPHA-EMITTING RADIUM QA A1ALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 03/12/97

Client Name: Shared QC Date Analyzed : 03/14/97

Client Project ID: Blank Sample Matrix : Water

Lab Sample ID Series: 97-03-046 Count Duration : 60 Mm.

I

[ Lab Sample ID
Known Activity

(pci/i)
Rep't Activity

I
::i/i) Spike

Recovery

97—03—046—Si

[
97—03—046—52

67.1 16.77
E7.1 16.77

52.24 5.61
53.83 5.79

77.9
80.2

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2c)
See PAl SOP 743FC for details of the TPTJ determination.

PAl sets control limits for Total Radium measurements as follows

Control Limits Known (.L) 0.25 *

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Blank spike for work orders 97—03-046, 03—032, and 02-125.

(J'1JC'J7
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Paragon Analytics, Inc.
Radiochemistry Case Narrative

Radium-226/228

EMAX
Jacobs/Carswell AFB (DO 21) / 05G47900

Paragon Work Order 9702125

This report consists of 2 liquid samples received by Paragon on 02/21/97.

2. These samples were prepared according to Paragon Analytics, Inc. procedure PAT
S0P739R2.

3. The samples were analyzed for the presence of Ra-226 and Ra-228 by gamma •9('. / :)

spectroscopy. Ra-226 was quantified, via the gamma emissions of the ingrown
progeny Bi-214 and Pb-214, according to Paragon Analytics, Inc. procedure PAT
S0P713R2. Since it was not known to what degree equilibrium had been established
between Ra-226 and its progeny, the samples were held for 21 days to ensure greater
than 97.8% ingrowth prior to analysis. Radium-228 was quantified via the gamma
emissions of the ingrown progeny Actinium-228. The analyses were completed on
03/18/97.

4. No problems were encountered with either the client samples or the associated quality
control samples. All quality control criteria were met.

The data contained in the following report have been reviewed and approved by the
personnel listed below. In addition, Paragon Analytics, Inc. certifies that the analyses
reported herein are true, complete and correct within the limits of the methods employed.

_______________ /7.
Michael / Goodwill Date
Radioch/mis Instrument Technician

Radiochemistry Final Data Review Date

PARAGON ANALYTICS, L(T.
00001)
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PARAGON ANALYTICS, INC.
• Radiochemistry Data Package

Sectioni

SAMPLE RESULTS
SUMMARY
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A summary report is not provided.
Please refer to the individual sample results data in section 3.

1) 1) (1 () ( '
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PARAGON ANALYTICS, iNC.
• Radiochemistry Data Package

Section 2

QC RESULTS
SUMMARY
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GA1AA SPECTROMETRY RESULTS SI3ARY

Method 901.1 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 02/24/97 12:00

Client Name: EMAX Date Analyzed: 03/18/97 18:07

-. Lab Sample ID: 97-02-125-BA Sample Matrix: Soil

Client Sample ID: Blank Count Duration: 600 Mm.

Nuclide Activity ( pCi/Gram ) H % Uncertainty

Pb-214 < 0.064 BDL
Ra-226 < 0.095 BDL
Bi-2l4 < 0.095 BDL

Reported Uncertainties are the Estimated Total Propagated Uncertainty (2a)
See ATI SOP 743FC for details of the TPTJ determination.

BDL = Below Detection Limit; see method for DL determination

Data stored in file \gdr\prt\S02125BA.97P

—
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Lab Name: Paragon Analytics, Inc.

H•

Date Collected: 02/24/97 12 :00

Client Name: EMAX Date Analyzed: 03 /18/97 18 :07

Lab Sample ID: 97-02-125-BA Sample atrix: Soil

Client Sample ID: Blank Count Duration: 500 Mm.

Reported Uncertainties
See ATI SOP 743FC for details of the TPU

BDL = Below Detection Limit; see method for DL determination

Data stored in file \gdr\prt\502125BA.97P

000006

GAA SPECTROMETRY

Method 901.1

RESULTS SIThflIARY

(Modified)

are the Estimated Total Propagated
determination

Uncertainty (2a)
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GAMMA SPECTROMETRY QA RESULTS SU!ARY

Method 901.1 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 10/01/95 10:00

Client Name: EMAX Date Analyzed 03/17/97 11:31

Lab Sample ID: 97-02-125-Si Sample Matrix : Soil

Client Sample ID: Lab Control Count Duration: 30 Mm.

Nuclide
Reported
Activity

Known
Value

Percent
Recovery Flag

Am-241
Cd-109
Co-57
Cs-137
Co-GO

454
6540
142
189
282

460
6320
145
185
286

98.7
104

97.9
102

98.6

Pass
Pass
Pass
Pass
Pass

ATI sets control limits for gamma spectroscopy as follows
Control Limits = Known 15%

Data stored in file \gdr\prt\SO212ES1.97P

-I
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GA1 SPECTROMETRY QA RESULTS StThARY

Method 901.1 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 12/11/95 10:00

Client Name: EMAX Date Analyzed : 03/17/97 12:09

Lab Sample ID: 97—02-125-S2 Sample Matrix : Soil

Client Sample ID: Lab Control Count Duration: 30 Mm.

Nuclide
Reported
Activity

Known
Value

Percent
Recovery Flag

i226 459
jI 97.01][ Passj

ATI sets control limits for gamma spectroscopy as follows
Control Limits = Known 15%

Data stored in file \gdr\prt\S02125S2.97P

000008
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PARAGON ANALYTICS, INC.
Radiochemistry Data Package

Section 3

IND IVID UAL
SAMPLE RESULTS
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GAIMA. SPECTROMETRY RESULTS StThARY

Method 901.1 (Modified)

— Lab Name: Paragon Analytics, Inc. Date Collected: 02/14/97 12:20

Client Name: EMAX Date Analyzed: 03/17/97 15:45

Lab Sample ID: 97-02-125-01 Sample Matrix: Soil

Client Sample ID: CR-A 161301 Count Duration: 600 Mm

[Nuclide Activity ( pci/gram
I L Uncertainty]

Pb-214 0.068 BDL
Ra-226 < 0.099 BDL
Bi-214 0.099 BDL

Reported Uncertainties are the Estimated Total Propagated Uncertainty (2a)
—.' See ATI SOP 743FC for details of the TPU determination.

EDL Below Detection Limit; see method for DL determination

Data stored in file \gdr\prt\S0212501.97P

—
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GA1A SPECTROMETRY

Method 901.1

RESULTS SUNMARY

(Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 02/14/97 12 :20

Client Name: EMAX Date Analyzed: 03/17/97 16:45

0
Lab Sample ID: 97-02-125-01 Sample Iiatrix: Soil

Client Sample ID: CR-A 161301 Count Duration: 600 Mm.

Reported Uncertainties are the Estimated
See ATI SOP 743FC for details of the TPU

Total Propagated
determination.

Uncertainty (2a)

BDL = Below Detection Limit; see method for DL determination

Data stored in file \gdr\prt\S0212501.97P

000011
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Lab Name: Paragon Analytics, Inc. Date Collected: 02/14/97 12:20

— Client Name: EMAX Date Analyzed: 03/17/97 16:46

Lab Sample ID: 97-02-125-Dl Sample Matrix: Soil

Client Sample ID: Duplicate Count Duration: 600 Mm.

Reported
See ATI

Uncertainties
SOP 743FC for deai1s of the TPLJ determination.

Uncertainty (2a)

BDL = Below Detection Limit; see method for DL determination

Remarks: Sample 97-02-125-D1 is a duplicate of 97-02-125-01.

Data stored in file \gdr"prt\S02125D1. 97P

000012
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GA1MA SPECTROMETRY

Method 901.1

t o

RESULTS SWARY

(Modified)

are the Estimated Total Propa;ated
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GA1 SPECTRONETRY

r"• "h .1.J3..

RESULTS SUARY
1ethod 901.1 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 02/14/97 12:20

Client Name: EMAX Date Analyzed: 03/17/97 16:46

Lab Sample ID: 97-02-125--Di Sample Matrix: Soil

Client Sample ID: Duplicate Count Duration: 600 Mm.

Reported Uncertainties
See ATI SOP 743FC for details of the TPU determination.

Uncertainty (2a)

BDL = Below Detection Limit; see method for DL determination

Remarks: Sample 97-02-125-Di is a duplicate of 97-02-125-01.

Data stored in file \gdr\.rt\S02l25D1.97P

000013
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GAA SPECTROMETRY RESULTS SUARY

Method 901.1 (Modified)

— Lab Name: Paragon Analytics, Inc. Date Collected: 02/16/97 15:47

Client Name: EMAX Date Analyzed: 03/17/97 15:48

Lab Sample ID: 97-02-125-03 Sample Matrix: Soil

Client Sample ID: CR-A 161303 Count Duration: 600 Mm.

Nuclide
j

Activity ( pCi/Gram )
]

Uncertainty

Pb-214
Ra-226
Bi-214

< 0.065
< 0.083

0.083

BDL
BDL
BDL

Reported Uncertainties are the Estimated Total Propagated Uncertainty (2a)
'See ATI SOP 743FC for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination

Data stored in file \gdr'\prt\S0212503.97P

—
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Method 901.1 (Modified)

Lab Name: Paragon Analytics, Inc Date Collected: 02/16/97 15:47

-w

Client Name: EMAX Date Analyzed: 03/17/97 16:48

Lab Sample ID: 97-02-125-03 Sample Matrix: Soil

Client Sample ID: CR-A 161303 Count Duration: 600 Mm.

See ATI SOP 743FC for details of the TPIJ determination

BDL = Below Detection Limit; see method for DL determination

Data stored in file \gdr\prt\50212503.97P

000015

CAA SPECTROMETRY RESULTS SUARY

Reported Un certaint le s are the Estimated Total Propagated Uncertainty (2a)



Paragon Analytics, inc.
Radiochemistry Case Narrative

228Radium by Method 9320

EMAX
Jacobs/Carswell AFB (DO 21)

PAl W.O. 97-05-132

1. This report consists of 3 water samples received by Paragon on 05/1 6/97.

2. These samples were prepared according to SW-846 Method 9320. The samples were
analyzed for the presence of Ra-228 by low background gas flow proportional
counting of the ingrown progeny of radium-228, actinium-228. The analyses were
completed on 05/21197.

3. All quality control criteria were met. No anomalous situ.tions were noted during the
preparation and analysis of these samples.

The dt contained in the following report have been reviewed pprovei bi die
personnel listed below. In addition, Paragon Analytics, mn certifls ihat analy:cs
:eprt :'i arc -ii, corntLte -mci cunc;t wiUin th iin of the mc rn!:;.

Rekiee Ga legos U Date
Raiochemi y Instrument Technician

(7

Ra'ochemistry Final Data Review Date

PARAGON ANALYTICS, UT
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Paragon Analytics, Inc.

SAMPLE NUMBER(S) CROSS-REFERENCE TABLE

Client Name: EMAX

Client Project ID: Jacobs/Carswell AFB (DO 21) 05G47900

DATE

PM-ID C1ie: ID MATRIX SAMPLED

9705132-1 CR-A1E3201 Water 05/13/97
9705132-2 CR-A163202 Water 05/13/97
9705132-3 CR-A:3203 Water 05/13797



PARAGON ANALYTICS, INC.
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Radiochemistry Data Package
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SAMPLE RESULTS
SUMMARY
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Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 05/13/97

Client Name: EMAX Date Analyzed : 05/21/97

Client Project ID: Jacobs/Carswell AFB (DO 2Sample Matrix : Water

Lab Sample ID Series: 97—05—132 Count Duration: 300 Mm.

Analyzed by: RG

Client Sample ID J Lab Sample ID J (pci/i) MDA

CR—A163201
CP.—A163202
CR—A163203
Blank

_Duplicate—Ol

05—132—01
05—132—02
05—132—03
05—l32—Bl
05—l32—Dl

1.29 0.56
0.94 0.43
0.83 0.56

—0.32 + 0.58
0.75 0.44

0.86
0.66
0.90
0.93
0.69

neporte Uncertainties are the Estimatec Total Propagated Uncrtii.nties (2T).
— See AI SOP 743FC for details of TPrJ thtemination5.

These samples were prepared using PAl SOP7O7FC and analyzed using
PAl SOP724FC.

Remarks:

Sample 97—05—132—Di is a duplicate of 97—05—132—01.

'(



PARAGON ANALYTICS, INC.
Radiochemistry Data Package

Section 2

OC RESULTS
SUMMARY



t::i

Ra-228 BLMX SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 05/18/97

Client Name: EMAX Date Analyzed : 05/21/97

Client Project ID : Jacobs/Carswell AFB (DO Sample Matrix : Water

Lab Workorder Number : 97-05—132 Count Duration: 300 Mm.

Lab Sample ID Value
H
Rep't Value Recovery

H
Flag

97—05—132—Si 51.7 56.0 5.77 108% Pass

—'-- Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
Sc•e PA SOP 743FC fof details of TPU deter r'.ation3.

Control Liits = Known 43% for Ra-228.

Acceptce ng 1o blaiik spike samp:e is thc kncrn value thQ
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.



Ra-228 BLANI SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 05/18/97

Client Name: EMAX Date Analyzed : 05/21/97

Client Project ID : Jacobs/Carswell AFB (DO Sample Matrix Water

Lab Workorder Number : 97-05-132 Count Duration: 300 Mm

ab Sample ID

97—05—132—S2

Known

[
Value

51.7

_Rep't
51.9

Value

5.34

Recovery

100% ][
Flag

Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (�-.
i-'AI SuP /4JFC OL cLails cf TPU determinaticns.

Cuntrol Lim.t = 1nown 13% for Ra—228.

A..ceptance Raage br blanK spike samples is the known value
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Sample 97—05—132—S2 is a blank spike duplicate.

—F



PARAGON ANALYTICS, INC.
225 Commerce Drive • Fort Collins, CO 80524. (800) 443-1511. (970) 490-1511 . FAX (970) 490-1522

May 27, 1997

MIV 2 :
'P.-

Ms. Lynn Schuetter
--

Jacobs Engineering Group
600 17th Street, Suite 11 OON
Denver, CO 80202

RE: Paragon Workorder: 97-05-132
Client Project Name: Jacobs/Carswell AFB (DO 21)
Client Project Number: 05G47900

Dear Ms. Schuetter:

Three water samples were received from Jacobs Engineering Group under the above
refcrericd w Lnrdcron My 16. 1997. The ampies were hcdiied fz Rdium225
(Method 9320) and Jotal Kuium Alpha Emitters iMethod •;l) analysis. xesuis for LnLe
analyses are contained n this package.

This data is being shipped concurrently to Dr. Kam Pang of EMAX. The Electronic Disc
Deliverable for this data will be sent via E-mail directly to Mr. Chris Skinner of Jacobs
Engineering Group.

Thank you for your confidence in Paragon Analytics, Inc. Should you have any questions,
please call.

Sincerely,9 :)j-

Paragon Analytics, Inc.
Lori Pacheco

Project Manager

Enclosurc: Report

.2!ii Lnpfoijec OwneéSmal( 'flusines.c



Paragon Analytics, Inc.
Radiochemistry Case Narrative

Total Radium

EMAX
Jacobs/Carswell AFB (DO 21)

PAl Workorder 97-05-132

1. This report consists of 3 water samples received by Paragon on 05/16/97.

2. These samples were prepared according to Paragon Analytics, Inc. procedure PAL
SOP7 1 2R3.

3. These samples were tested for the presence of Total Alpha Emitting Radium Isotopes
according to Paragon Analytics, Inc. procedure PAT S0P724R4. This test is a screen
for Radium-226 and will show high bias in sample results if other alpha emitting
isotopes of radium are contained in the sample (esp. Ra-224 and Ra-223).
Reanalysis of the sample following a several week period to allow for decay of the
shorter lived interfering isotopes of radium wfl provide a more accurate measurement
-f the Radium-226 concentration of the sample.

4. The analyses were completed on 05119/97.

5. No problems were encountered with either the client samples or the associated quality
control samples. All quality control criteria were met.

The data contained in the following report have been reviewed and approved by the
p:sonncl listed blcw. In addition, Paragon Analytics, Inc. certifies that the analyses
reported herein are true, complete and corrcct within the limits of the methods employed.

______ 6 3
Rknee Gallegos tJ Date
R hstiy Instrument Technician

Radiochemistry Final Data Review Date

PARAGON ANALYTICS, INC.



Paragon Analytics, Inc.

' A

SAMPLE NUMBER(S) CROSS-REFERENCE TABLE

Client Name: EMAX

Client Project ID: Jacobs/Carswell AFB (DO 21) 05G47900
—

DATE

PAl—ID Client ID MATRIX SPJ.IPLED

9705132-1 CR-A163201 Water 05/13/97
9705132-2 CR-A163202 Water 05/13/97
9705132-3 CR-A163203 Water 05/13/97

-a
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TOTAL ALPBA-EMITTING RADIUM ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 05/13/97

Client Name: ENAX Date Analyzed : 05/19/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Water

Lab Sample ID Series: 97-05—132 Count Duration: 60 Mm.

I Client Sample ID Lab Sample ID
Total Radium

(pCi/l)

CR—A163201
CR—A163202
CR—A163203
Blank

LDuPlateO2

05—132—0].
05—132—02
05—132—03
05—132—B].
05—132—Di

2.64 0.76
8.74 1 7
7.91 1.83

'. i) (')13.60 2. j
Reported Uncertainties are the Estimated Total Propagated Uncerinties (2).

_ See PAl SOP 743FC for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination
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TOTAL ALPHA-EMITTING RADIUM ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 05/18/97

Client Name: EMAX Date Analyzed : 05/19/97

Client Project ID: Blank Sample Matrix : Water

Lab Sample ID Series: 97-05-132 Count Duration: 60 Mm.

Total Radium
Client Sample ID Lab Sample ID (pci/i)

f
Bi.nk

(
05—132—Bi < 0.57(BDL) 1

Eeported Uncertainties
e PAl SOP 743FC tor details

Total PLopagated
of the TPU determination.

Bbt = Below Detection Limit; see method for DL dete-inatior

are the Estimated

—
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TOTAL ALPHA-EMITTING RADIUM QA MALYSIS RESULTS SUMMARY —

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 05/18/97

Client Name: EMAX Date Analyzed : 05/19/97

Client Project ID: Blank Sample Matrix : Water

Lab Sample ID Series: 97-05-132 Count Duiation 60 Mm.

-

Lab Sample ID
Known Activity

(pCi/i)
Rep't Activityl

(pci/i)
!

rspike
JRecoverY

T 97—05—132—si
97—05—132—S2

67.0 16.74
67.0 16.74

60.64
69.74

90.5
104.1

�eported Uncertainties are the Estimated Total Propagated Uncertainvies (2)
See PAJ. SOP 743FC for details of the TPU determination.

PAl sets control limits for Total Radium measurements as follows

Control Limits = Known () 0.25 *

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.
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APARAGON ANALYTICS, INC.
225 Commerce Drive. Fort Collins, CO 80524 • (800) 443-1511. (970) 490-1511 • FAX (970) 490-1522

April 4, 1997

Ms. Lynn Schuetter
Jacobs Engineering Group
600 1 7th Street, Suite 11 OON
Denver, CO 80202

RE: PAl Workorder: 97-03-133
Client Project Name: Jacobs/Carswell AFB (DO 21)
Client Project Number: 05G47900

.._' Dear Ms. Schuetter:

Six water samples were received from Jacobs Engineering Group under the above referenced
workorder on March 21, 1997. The samples were scheduled for Radium-228 (Method 9320) and
Total Radium Alpha Emitters (Method 9315) analysis. Results for these analyses are contained in
this package.

This data is being shipped concurrently to Mr. Toni Dabney of EMAX. The Electronic Disc
Deliverable for this data will be sent via E-mail directly to Mr. Chris Skinner of Jacobs Engineering

Group.

Thank you for your confidence in Paragon Analytics, Inc. Should you have any questions, please
call.

—

Sincerely,

.9 /7/I
Paragon Analytics, Inc.
Lori Pacheco

Project Manager

Enclosure: Report

n Emp[oyee OwnedTSma(RBusiness
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Paragon Analytics Inc.
Radiochemistry Case Narrative

Total Radium

EMAX
— Jacobs / Carswell AFB (DO 21) / 05G47900

PAT 97-03-133

1. This report consists of 6 water samples received by Paragon on 03/21/97.

2. These samples were prepared according to Paragon Analytics, Inc. procedure PM
S0P712R3.

3. The samples were analyzed for the presence of total radium according to Paragon
Analytics, Inc. procedure PM S0P724R4. The analyses were completed on 04/03/97.

4. No problems were encountered with either the client samples or the associated quality
control samples. All quality control criteria were met.

The data contained in the following report have been reviewed and approved by the personnel
listed below. In addition, Paragon Analytics, Inc. certifies that the analyses reported herein
are true, complete and correct within the limits of the methods employed.

;yL ________
Rene Galjegos Date
Ra en\stry Instrument Technician

Radiocheniistry Final Data Review Da e

PARAGON ANALYTICS, INC.



Paragon Analytics, Inc.

SAMPLE NUMBER(S) CROSS-REFERENCE TABLE

Client Name: EMAX

Client Project ID: Jacobs/Carswell AFB (DO 21) 05G47900

DATE=
PAl-ID Client ID MATRIX SAJ1PLED

9703133-1 CR-A161601 Water 03/19/97
9703133-2 CR-A161602 Water 03/20/97
9703133-3 CR-A16l603 Water 03/19/97
9703133-4 CR-A161604 Water 03/20/97
9703133-5 CR-A161605 Water 03/19/97
9703133-6 CR-A161606 Water 03/19/97



PARAGON ANALYTICS, INC.
Radiochemistry Data Package

—V

Section 1

SAMPLE RESULTS
SUMMARY

r*1Vø'
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TOTAL ALPHA-EMITTING RADIUM ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 03/19/97

Client Name: EMAX Date Analyzed 04/01/97

-

Client Project ID: Jacobs/Carswell

Lab Sample ID Series: 97—03—133

AFB Sample Matrix

Count Duration:

Water

60 Mm.

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2).
See PAl SOP 743FC for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination

,) (

Client Sample ID Lab Sample ID
Total Radium

(pci/i)

CR—A161601
CR—A161602
CR—A161603
CR—A161604
CR—A161605
CR—A161606
Blank
Duplicate

03—133—01
03—133—02
03—133—03
03—133—04
03—133—05
03—133—06
03—133—Bi
03—133—Di

1.79 0.47
8.86 1.84
5.97 1.27
< 0.18(BDL)
5.40 1.28
< 0.33 (BDL)
< 0.26(BDL)
< 0.23 (BDL)
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PARAGON ANALYTICS, INC.
Radio chemistry Data Package

QC

Section 2

RESULTS
SUMMARY
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TOTAL ALPHA-EMITTING RADIUM QA ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

Lab Name: Paragon Analytics, Inc. Date Collected: 03/25/97

Client Name: EMAX Date Analyzed : 04/01/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Water

Lab Sample ID Series: 97—03—133 Count Duration : 60 Mm.

Lab Sample ID
Known Activity

(pCi/i)
Rep't Activity ]

(pci/i)
]

Spike
Recovery

97—03—133--Si
97—03—133—S2

66.1 16.52
66.1 16.52

58.41
70.52

88.4
106.7

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of the TPtJ determination.

PAl sets control limits for Total Radium measurements as follows

Control Limits = Known () 0.25 *

Acceptance Range for blan1 spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

)I
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Paragon Analytics, Inc.
Radiochemistry Case Narrative

228Radium by Method 9320

EMAX
Jacobs/Carswell AFB (DO 21) 05G47900

PAl W.O. 97-03-133

This report consists of 6 water samples received by Paragon on 03/21/97.

2. These samples were prepared according to SW-846 Method 9320. The samples were
analyzed for the presence ofRa-228 by low background gas flow proportional
counting of the ingrown progeny of radium-228, actinium-228. The analyses were
completed on 03/28/97.

3. All quality control criteria were met. No anomalous situations were noted during the
preparation and analysis of these samples. All quality control criteria were met.

The data contained in the following report have been reviewed and approved by the personnel
listed below. In addition, Paragon Analytics, Inc. certifies that the analyses reported herein
are true, complete and correct within the limits of the methods employed.

7
i /l (q-

Robert Shannon Date
Technical Manager

/j./r/
Radiochemistry Final Data Review Date

PARAGON ANALYTICS, LC.



Paragon Analytics, Inc.

SAMPLE NUMBER(S) CROSS-REFERENCE TABLE

Client Name: EMAX

Client Project ID: Jacobs/Carswell AFB (DO 21) 05G47900

DATE

PAT-ID CUent ID MATRTX SAMPLED

97a3133-1 CR-A161601 Water 03/19/97

9703133-2 CR-A161602 Water 03/20/97

9703133-3 CR-A161603 Water 03/19/97

97031334 CR-A161604 Water 03/20/97

9703133-5 CR-A161605 Water 03/19/97

9703133-6 CR-A161606 Water 03/19/97
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PARAGON ANALYTICS, INC.

Radiochemistry Data Package

Section 1

SAMPLE RESULTS
SUMMARY
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Ra—228 ARALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 03/19/97

Client Name: EMAX Date Analyzed : 03/28/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix : Water

Lab Sample ID Series: 97—03—133 Count Duration: 300 Mm.

Analyzed by: DCB

Client Sample ID Lab Sample ID (pci/i) MDA

CR—A161601 03—133—01 0.19 0.55 0.91
CR—A161602 03—133—02 1.49 0.63 0.96
CR—A161603 03—133—03 0.87 0.69 1.1
CR—A161604 03—133—04 0.71 0.57 0.92
CR—A161605 03—133—05 1.89 0.79 1.2
CR—A161606 03—133—06 0.22 0.62 1.0

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl Sop 743FC for details of TPU determinations.

These samples were prepared using PAl SOP7O7FC and analyzed using
PAl SOP724FC.



PARAGON ANALYTICS, INC.
Radiochemistry Data Package

Section 2

QC RESULTS
SUMMARY
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Ra-228 ANALYSIS RESULTS SUARY

c: :::f

Lab Name: Paragon Analytics, Inc. Date Collected: 03/25/97

Client Name: EMAX Date Analyzed 03/28/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Water

Lab Sample ID Series: 97—03—133 Count Duration: 300 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2c).
See PAl SOP 743FC for details of TPU determinations.

These samples were prepared using PAl SOP7O7FC and analyzed using
PAl SOP724FC.



Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 03/25/97

Client Name: EMAX Date Analyzed 03/28/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Water

Lab Sample ID Series: 97—03—133 Count Duration: 300 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2
See PAl SOP 743FC for details of TPiJ determinations

These samples were prepared using PAl SOP7O7FC and analyzed using
PAl SOP724FC.



Ra-228 ANALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 03/19/97

Client Name: EMAX Date Analyzed 03/28/97

Client Project ID: Jacobs/Carswell AFB Sample Matrix Water

Lab Sample ID Series: 97—03—133 Count Duration: 300 Mm.

Analyzed by: RTS

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
. See PAl SOP 743FC for details of TPTJ determinations.

These samples were prepared using PAl SOP7O7FC and analyzed using
PAl SOP724FC

Remarks:

- Sample 97—03—133—Di is a duplicate of 97—03—133—01.



Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 03/25/97

Client Name: ENAX Date Analyzed : 03/28/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Water

Lab Workorder Number : 97-03-133 Count Duration: 34 Mm

Lab Sample ID

97—03—133—Si

II Known Value

IL
52.6

11

J

Rep't

49.9

Value

5.89

II

JJ

Recovery

]
Flag

Pass
J

Reported Uncertainties are the
See PAl SOP 743FC for details of

Estimated Total Propagated
TPU determinations.

Uncertainties

Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

(
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Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 03/25/97

Client Name: EMAX Date Analyzed : 03/28/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Water

Lab Workorder Number : 97-03—133 Count Duration: 300 Mm.

Lab Sample ID

97—03—133—S3

Known Value

52.6
II

Rep't

68.5

Value

7.09

II
Recovery

130%

Flag

Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

— Control Limits = Known 43% for Ra-228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Sample 97—03—133—S2 is a blank spike duplicate.



RADIUM-228 MATRIX SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 03/20/97

Client Name: EMAX Date Analyzed 03/28/97

Client Project ID : Jacobs/Carswell AFB Sample Matrix : Water

Lab Workorder Number : 97—03—133 Count Duration: 300 Mm.

II

Reported Uncertainties are the Estimated Total Propagated
See PAl SOP 743FC for details of TPU determinations.

Control Limits Known 43% for Ra-228

Uncertainties (2o)

Acceptance Range for matrix spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range

Remarks

Sample 97—03—133—Mi is a matrix spike of sample 97—03—133—02

Lab Sample ID
Ra—228

Known Value
Ra—228

Rep't Value
Ra—228
Recovery Flag

97—03—133—Ni 54.2 23.6 44.8 4.80 82.7% Pass
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'PARAGON ANALYTICS, INC.
225 Commerce Drive • Fort Collins, CO 80524. (800) 443-1511. (970) 490-1511 . FAX (970) 490-1522

May 16, 1997

c i°7

Ms. Lynn Schuetter
Jacobs Engineering Group
600 17th Street, Suite 1 lOON
Denver, CO 80202

RE: Paragon Workorder: 97-04-213
Client Project Name: Jacobs/Carswell AFB (DO 21)
Client Project Number: 05G47900

Dear Ms. Schuetter:

Four water samples were received from Jacobs Engineering Group under the above
referenced workorder on April 26, 1997. The samples were scheduled for Radium-228
(Method 9320) and Total Radium Alpha Emitters (Method 9315) analysis. Results for these
analyses are contained in this package.

This data is being shipped concurrently to Dr. Kam Pang of EMAX. The Electronic Disc
Deliverable for this data will be sent via E-mail directly to Mr. Chris Skinner of Jacobs

Engineering Group.

Thank you for your confidence in Paragon Analytics, Inc. Should you have any questions,
please call.

Sincerely,
... /

Paragon Analytics, Inc.
Lori Pacheco
Project Manager

Enclosure: Report

n Emp(oyee OwneéSmal['Business
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Paragon Analytics, Inc. - Fort Collins, Colorado

CONDITION OF SAMPLE UPON RECEIPT

LIENT: cc D-,CO/oA SHIPPING CONTAINER #:

Cfl -O'-l -2 ? INITIALS:
Does thisproject require special handling according to NEESA, Level 3,
or CLP protocols?

If yes, complete a. and b.
a. Cooler Temperature_________________
b. Lot No's.________________________
c. Airbill Number

'
2. Ase custody seals on the cooler intact? If so, how many

-

3. Are custody seals on sample containers intact?

[. Is there a Chain of Custody (COC) or other representative documents,
letters or shipping memos?

—j 5. Is the COC complete?
I Relinquished: Yes 'No Requested Analysis: Yes

7. Are the samples requiring acid preservation preserved correctly?
8. Is there enough sample? If so, are they in the proper containers?

Are all samples within holding times for the requested analyses?
-i. Were the sample received on ice?
I ii. Were all sample containers received intact? (not broken or leaking, etc.

12. Are samples requiring no headspace, headspace free?

Describe "NO' items (except No's 1, 13, &14)ro
- Was the client contacted?

1 Ifyes, Date:__________
Describe actions taken or client

Yes_____ No______
Name of person contacted:

instructions:

-V
Group Leader's Signature: Date:_____________

FRM 201FC6 (2411/97)

Cooler Temperature:

- WORKORDERNO.

6. Is the COC in agreement with the

1 No. of Samples: YesNo_
I Matrix: Yes

samples received?
Sample ID's:
No. of Containers:

Yes VNo
Yes'-/No

13. Do the samples require quarantine?
14. Do samples require Paragon disposal?
15. Did the client return any unused bottles?



Paragon Analytics, Inc.
Radiochemistry Case Narrative

228Radium by Method 9320

EMAX
Jacobs/Carswell AFB (D021) / 05G47900

PAT 97-04-2 13

I. This report consists of 4 water samples received by Paragon on 04/26/97.

2. These samples were prepared according to SW-846 Method 9320. The samples were
analyzed for the presence of Ra-228 by low background gas flow proportional
counting of the ingrown progeny of radium-228, actinium-228. The analyses were
completed on 05112/97.

3. All quality control criteria were met. No anomalous situations were noted during the
preparation and analysis of these samples.

The data contained in the following report have been reviewed and approved by the
personnel listed below. In addition, Paragon Analytics, Inc. certifies that the analyses
reported herein are true, complete and correct within the limits of the methods employed.

t .M1i
Reiee Galle os

Technician

R diochermstry Final Data Review

Dale

PARAGON ANALYTICS, INC.
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Paragon Analytics, Inc.

SAMPLE NUMBER(S) CROSS-REFERENCE TABLE

Client Name: EMAX

Client Project ID: Jacobs/Carswell AFB (DO 21) 05G47900

DATE
— PAl-ID Client ID MATRIX SAMPLED

9704213-1 CR-A16200]. Water 04/17/97
9704213-2 CR-A162002 Water 04/24/97
9704213-3 CR-A162003 Water 04/17/97
9704213-4 CR-A162004 Water 04/24/97
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Ra-228 AIALYSIS RESULTS SUMMARY

Lab Name: Paragon Analytics, Inc. Date Collected: 04/17/97

Client Name: EMAX Date Analyzed 05/12/97

Client Project ID: Jacobs/Carswell AFB (DO 2Sample Matrix Water

Lab Sample ID Series: 97—04—213 Count Duration: 300 Mm.

—---

Analyzed by: RG

Reported Uncertainties are the Estimated Total Propagated
See PAl SOP 743FC for details of TPU determinations.

Uncertainties (2a).

These samples were prepared using PAl SOP7O7FC and analyzed using
PAl SOP724FC.

( Client Sample ID Lab Sample ID (pci/i)
J

MDA

CR—A162001 04—213—01 1.49 0.80 1.3
CR—A162002 04—213—02 2.6 1.0 1.5
CR—A162003 04—213—03 1.10 0.89 1.4
CR—A162004 04—213—04 1.29 0.93 1.5
Blank 04—213—Bi 0.29 0.86 1.4
Blank 04—213—B2 0.21 0.78 1.3



VI



flit. II1 ,,fl 1. ut -

Ra-228 BLANK SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 05/05/97

_ Client Name: EMAX Date Analyzed : 05/12/97

Client Project ID : Jacobs/Carswell AFB (DO Sample Matrix : Water

Lab Workorder Number : 97-04-213 Count Duration: 300 Mm.

Lab Sample ID Known Value Rep't Value Recovery Flag

97—04—213—Si ii 519 ] 61.5 6.53 119%
fi

Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the— control limits stated above. The reported value, without the
uncertainty, should be conipared to that range.

0
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Ra-228 BLP.NX SPIKE RESULTS

Lab Name: Paragon Analytics, Inc. Date Collected: 05/05/97

Client Name: EMA.X Date Analyzed : 05/12/97

Client Project ID : Jacobs/Carswell AFB (DO sample Matrix : Water

Lab Workorder Number : 97-04-213 Count Duration: 300 Mm.

Lab Sample ID Known Value Rep't Value IT Recovery Flag

97—04—2l3—S2
0

51.9
fi

48.8
5.13]

94.1% Pass

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAT SOP 743FC for details of TPU determinations.

Control Limits = Known 43% for Ra—228.

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

Remarks:

Sample 97-04-213-S2 is a blank spike duplicate.
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Paragon Analytics, Inc.
Radiochemistry Case Narrative

Total Radium

EMAX
Jacobs/Carswell AFB (D021) / 05G47900

PAl 97-04-213

1. This report consists of 4 water samples received by Paragon on 04/26/97.

2. These samples were prepared according to Paragon Analytics, Inc. procedure PAl
S0P712R3.

—
3. These samples were tested for the presence of Total Alpha Emitting Radium Isotopes

according to Paragon Analytics, Inc. procedure PAl S0P724R4. This test is a screen
for Radium-226 and will show high bias in sample results if other alpha emitting
isotopes of radium are contained in the sample (esp. Ra-224 and Ra-223).
Reanalysis of the sample following a several week period to allow for decay of the
shorter lived interfering isotopes of radium will provide a more accurate measurement
of the Radium-226 concentration of the sample.

4. The analyses were completed on 05/12/97.

5. No problems were encountered with either the client samples or the associated quality
control samples. All quality control criteria were met.

The data contained in the following report have been reviewed and approved by the
personnel listed below. In addition, Paragon Analytics, Inc. certifies that the analyses
reported herein are true, complete and correct within the limits of the methods employed.

ReIee Gallegos D e
Radiochem' Instrument Technician

.
Radiochemistry Final Data Review Date

PARAGON ANALYTICS, INC.
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Paragon Analytics, Inc.

SAMPLE NUMBER(S) CROSS-REFERENCE TABLE

Client Name: EMAX

Client Project ID: Jacobs/Carswell AFB (DO 21) 05G47900

DATE

PAl-ID Client ID MATRIX SAMPLED

9704213-1 CR-A162001 Water 04/17/97
9704213-2 CR-A162002 Water 04/24/97
9704213-3 CR-A162003 Water 04/17/97
9704213-4 CR-A162004 Water 04/24/97
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TOTAL ALPHA-EMITTING RADIUM ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

— Lab Name: Paragon Analytics, Inc. Date Collected: 04/17/9 7

Client Name: EMAX Date Analyzed 05/12/97

Client Project ID: Jacobs/Carswell AFB (D

Lab Sample ID Series: 97—04—213

Sample Matrix

Count Duration:

Water

60 Mm.

Client Sample ID Lab Sample ID
Total Radium

(pCi/l)

CR—A162001
CR—A162002
CR—A162003
CR—A162004
Blank
Duplicate—Ol

04—213—01
04—213—02
04—213—03
04—213—04
04—213—B1
04—2l3—D1

2.50 0.74
7.68 1.75
6.86 1.62
8.45 1.92
< 0.54(BDL)
2.04 0.65

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of the TPU determination.

BDL = Below Detection Limit; see method for DL determination
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—
TOTAL ALPHA-EMITTING RADIUM QA ANALYSIS RESULTS SUMMARY

Method 903.0 (Modified)

— Lab Name: Paragon Analytics, Inc. Date Collected: 05/09/97

Client Name: EMAX Date Analyzed : 05/12/97

Client Project ID: Jacobs/Carswell AFB (D Sample Matrix : Water

Lab Sample ID Series: 97—04-213 Count Duration : 60 Mm.

t

[ Lab Sample ID
Known Activity

(pCi/i)
Rep't Activity

(pCi/i)
Spike

Recovery

r 97—04—213—Si
97—04—213—S2

67.0 16.74
67.0 16.74

78.19
67.22

116.8
100.4

Reported Uncertainties are the Estimated Total Propagated Uncertainties (2a).
See PAl SOP 743FC for details of the TPU determination.

— PAl sets control limits for Total Radium measurements as follows

Control Limits = Known (p) 0.25 *

Acceptance Range for blank spike samples is the known value the
control limits stated above. The reported value, without the
uncertainty, should be compared to that range.

'—If,
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LABORATORY REPORT FOR

JACOBS ENGINEERING GROUP, INC.

CARSWELL AFB I 05G47900

EPA 418.1
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS

SDG#: 96K042

DECEMBER 09, 1996
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LAB CHRONICLE 11—13—199612:07:0

Method: EPA 418.1
Client: Jacobs Engineering Group

)JECT: Carswell AFB / 05G47900
G/Batch No.: 96K042

Matrix: Soil

....SAMPLE ID CONT NO %H20 FILE ID EXT DATE/BATCH ANL DATE/BATCH REMARKSE° 2—29 15.3

—E:-56603 K04230 16.4

1<042—31 10.1

....CR—A156605 1<042—32 17.5

CR=A156606 1<042—33 10.0

_CR—A156701 1<042—36 19.9

CR—A156704 1<042—38 8.6

CR—A156705 1<042—39 23.8

CR—A156706 1<042—40 7.8

CR—A156801 1<042—41 20.1

CR—A156802 K042—42 7.9

-A1568O3 K042—43 23.5

CR—A156804 K042—44 13.7
——

CR—A156805 K042—45 17.6
——

—

CR—A156806 1<042—46 16.8

CR—A156703 K042—37 20.3

S

Tk',t

— .5L.

'Sc

001



LAB CHRONICLE 11—13—199612:07:0

Method: EPA 418.1
Client: Jacobs Engineering Group

PROJECT: Carswell AFB / 05G47900
SDG/Batch No.: 961(042
Matrix: Water

SAMPLE ID CONT NO %I-120 FILE ID EXT DATE/BATCH ANL DATE/BATCH REMARKS

042-34 NA

:___
T1i'hJJ3

ii £

nfl')VV6.



..I L:i

CASE NARRATIVE

CLIENT: JACOBS ENGINEERING GROUP, INC.

PROJECT: CARSWELL AFB I 05G47900

SDG: 96K042

EPA 418.1
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS

Two (2) water and sixteen (16) soil samples were received on 11/09196 to be
analyzed for total recoverable petroleum hydrocarbon (TRPH) in accordance with EPA
Method 418.1 in EPA-600/4-79-020 (1983) and EMAX SOP AP-2013.

1. Holding Time

Analytical holding time was met.

2. Method Blank

Method blanks were free of contamination.

3. Matrix Spike/Matrix Spike Duplicate

All recoveries and RPD were within QC limits for soil. No MS/MSD was
designated for water.

4. Lab Control Sample/Lab Control Sample Duplicate

All recoveries and RPD were within QC limits.

5. Calibration

Initial calibration was at five-point and continuing calibration were carried out
at 10-samples interval. All QC requirements were met.

6. Sample Analysis

All sample analyses were done within QC requirements.

003P '1
lh (%I\ LABOP.ATOR!E$. INC., 630 Maple Ave., Torrance. CA 90503 TEL: (310) 618-8889 FAX: (310) 618-0818
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TOTAL RECOVERABLE PETROLEUM HYDROCARBONS
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.1.

CASE NARRATIVE

CLIENT: JACOBS ENGINEERING GROUP, INC.

PROJECT: CARSWELL AFB / 05G47900

SDG: 96K047

EPA 418.1
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS

One (1) water and eleven (11) soil samples were received on 11/12/96 to be analyzed
for total recoverable petroleum hydrocarbon (TRPH) in accordance with EPA Method
418.1 in EPA-600/4-79-020 (1983) and EMAX SOP AP-2013.

1. Holding Time

Analytical holding time was met.

2. Method Blank

Method blanks were free of contamination.

3. Matrix Spike/Matrix Spike Duplicate

All recoveries and RPD were within QC limits for soil. No MS/MSD was
designated for water.

4. Lab Control Sample/Lab Control Sample Duplicate

All recoveries and RPD were within QC limits.

5. Calibration

Initial calibration was at five-point and continuing calibration were carried out
at 10-samples interval. All QC requirements were met.

6. Sample Analysis

All sample analyses were done within QC requirements.

001

LABORATORIES, INC.. 630 Maple Ave.. Torrance, CA 90503 TEL: 1310) 618-8889 FAX: 310) 618-0818
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LAB CHRONICLE 11—18—199612:17:1

Method: EPA 418.1
Client: Jacobs Engineering Group

-_.JECT: Carswell AFB / 05G47900
DG/Batch No.: 961<047

.4atrix: Soil

SAMPLE ID CONT NO %H20 FILE ID EXT DATE/BATCH ANL DATE/BATCH REMARKS

,/J-(-

CR—A156902 1(047—48 15.2

R—A156904 K047—49 7.0

CR—A156905 K047—50 21.5

..R—A156906 K047—51 8.7

'R—A157001 K047—52 23.8

—CR—A157002 K047—53 16.5

R—A157003 1<047—54 22.6

CR—A157004 1<047—55 17.3

A157006 1<047—56 16.1

—A157007 K047—57 16.8

—

Lc.,

-5

g-r)'it)'.,



LAB CHRONICLE 11—18—199612:17:1

Method: EPA 418.1
Client: Jacobs Engineering Group

PROJECT: Carswell AFB / 05G47900
SDG/Batch No.: 96K047
Matrix: Water

SAMPLE ID CONT NO %H20 FILE ID EXT DATE/BATCH ANL DATE/BATCH REMARKS
—

NA

Lc /
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LABORATORIES, INC. DEC 1 3 1996" 630 Maple Ave.
Torrance CA 90503 J .

Telephone: (310) 618-8889
-

Fax: (310) 618-0818

Date: 12-11-1996
EMAX Batch No. : 961<065

Attfl: Lynn Schuetter

Jacobs Engineering Group
600 17th. Street, STe. 1100N
Denver Co 80202

Subject: Laboratory Report
Pro:ect: Carswell AFE / 05G47900

Enclosed is the Laboratory report for samples received on
11/14/96. The data reported include

Sample ID Control # Cal Date Matrix Analysis
CR-Al57101 1<065-01 11/11/96 Soil EPA 418.1
CR-A157103 1<065-02 11/11/96 Soil EPA 418.1
CR-A157104 K065-03 11/11/96 Soil EPA 418.1
CR-A157104MS K065-03M 11/11/96 Soil EPA 418.1
CR-A1571O4MSD K065-03S 11/11/96 Soil EPA 418.1
CR-A157105 1<065-04 11/11/96 Soil EPA 418.1
CR-A157l06 1<065-05 11/11/96 Soil EPA 418.1
CR-A157201 1<065-06 11/11/96 Soil EPA 418.1
CR-A157202 K065-07 11/11/96 Soil EPA 418.1
CR-A157203 1<065-08 11/11/96 Soil EPA 418.1
CR-A157204 1<065-09 11/11/96 Soil EPA 418.1
CR-A157206 1<065-10 11/11/96 Soil EPA 418.1
CR-A157207 1<065-11 11/11/96 Soil EPA 418.1
CR-A157301 K065-l2 11/12/96 Soil EPA 418.1
CR-A157301MS K065-l2M 11/12/96 Soil EPA 418.1
CR-A1573O1MSD 1<065-125 11/12/96 Soil EPA 418.1
CR-A157302 1<065-13 11/12/96 Soil EPA 418.1
CR-A157302MS K065-13M 11/12/96 Soil EPA 418.1
CR-A157302MSD K065-13S 11/12/96 Soil EPA 418.1
CR-A157304 K065-14 11/12/96 Soil EPA 418.1
CR-A157305 1<065-15 11/12/96 Soil EPA 418.1
CR-A157306 1<065-16 11/12/96 Soil EPA 418.1
CR-A159101 K065-17 11/12/96 Soil EPA 418.1
CR-A159102 K065-lB 11/12/96 Soil EPA 418.1
CR-A159103 1<065-19 11/12/96 Water EPA 418.1

The results are summarized on the following pages.

Please feel free to call if you have any questions concerning
these results.

Sincerely yours,

' Laboratory Director



' l

P.S. - All analyses requested for the above referenced project
have been completed. Therefore, unless instructed, the remaining
portions of the samples will be disposed after fifteen (15) days
from the date of this report.

P. j
J'l i\ LABORATORIES, INC.. 630 Maple Ave., Torrance. CA 90503 TEL: (310J 618-8889 FAX: (3I0J 618-0818
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LABORATORY REPORT FOR

JACOBS ENGINEERING GROUP

CARSWELL AFB I 05G47900

EPA 418.1
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS

SDG#: 96K065

DECEMBER 11, 1996



CASE NARRATIVE

CLIENT: JACOBS ENGINEERING GROUP

PROJECT: CARSWELL AFB / 05G47900

SDG: 96K065

EPA 418.1
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS

One 1) water and eighteen (18) soil samples were received on 11/14/96 to be
analyzed for total recoverable petroleum hydrocarbon in accordance with "Methods
for the Chemical Analysis of Water and Wastes".

1. Holding Time

Analytical holding time was met.

2. Method Blank

Method blanks were free of contamination.

3. Matrix Spike/Matrix Spike Duplicate

All recoveries and RPDs were within QC limits.

4. Lab Control Sample

All recoveries were within QC limits.

5. Calibration

Initial calibration was at five-point and continuing calibration were carried Out
at 10-samples interval. All QC requirements were met.

6. Sample Analysis

All sample analyses were done within QC requirements.w

001
' ,I

1'I!l ,\l\ LABORATORIES, INC.. 630 Maple A'o,, Torrance, CA 90503 TEL: (310) 618-8889 FAX: (310) 618-0818



j•, .Jj

LAB CHRONICLE
EPA 418.].

11/27/1996 09:35

CLIENT:
'-PROJECT:

Jacobs Engineering Group
Carswell AFB / 05G47900

SDG/BATCH NO.: 96K065
'IATRIX: Soil

.3ANPLE ID CONTROL %H20 PREPARATION
NO BATCH/DATE/TINE

ANALYTICAL
BATCH/DATE/TIME

CALIB FILE
REF ID

R—A157101- K065—01 19.8
(1/ /-o

''—A157201 K065—06 14.5

'Ci—A1572 02 K065—07 15.0

CR—A157 3

CR—A157302MSD K065—13S 17.5 f

/'9 I,
CR—A157103 K065—02 20.9

R—A157].04 K065—03 10.9.
CR—A157104NS K065—03M 10.9

,R—Al57104MSD K065—03S 10.9

CR-A1571O5 K065-04 17.1

.-.CR—A157106 K065—05 1.3

CR—A157203 1(065—08 15.8

CR—A157204 1(065—09 15.3

CR—A157207 1(065—11 15.3
I

CR—A157301H5 K065—12M 24.0

O1MSD K065—12S 24.0

CR—A157302 K065—13 17.5
I

—CR—A157302MS K065—13M 17.5

'CR—A157304 1(065—14 11.4

CR—A157305 1(065—15 21.4

-A157306 1(065—16 14.2- -
CR—A].59101 K065—17 22.3— -
CR—A159102 K065—18 15.8 ,j 0fl2
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11/27/1996 09:35
LAB CHRONICLE
EPA 418.1

LIENT: Jacobs Engineering Group
'—PROJECT: Carswell AFB / 05G47900

3DG/BATCH NO.: 961(065
4ATRIX: Water

-3AHPLE ID CONTROL %H20 PREPARATION ANALYTICAL CALIB FILE
NO BATCH/DATE/TIME BATCH/DATE/TIME REF ID

R—A1591O3 1(065—19 NA i'/3
T4'1(aog&

- 4)L
I,J
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LABORATORY REPORT FOR

JACOBS ENGINEERING GROUP, INC.

CARS WELL AFB I 05G47900

EPA 418.1
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS

SDG#: 97C025

MARCH 10, 1997



CASE NARRATIVE

CLIENT: JACOBS ENGINEERING GROUP, INC.

PROJECT: CARSWELL AFB / 05G47900

SDG: 97C025

EPA 418.1
TRPH

Seven (7) water samples were received on 03/07/97 to be analyzed for total
recoverable petroleum hydrocarbon in accordance with "Methods for the Chemical
Analysis of Water and Wastes".

1. Holding Time

Analytical holding time was met.

2. Method Blank

Method blank was free of contamination.

3. Matrix Spike/Matrix Spike Duplicate

All recoveries and RPD were within QC limits.

4. Lab Control Sample/Lab Control Sample Duplicate

All recoveries were within OC limits.

5. Calibration

Initial calibration was at five-point and continuing calibration were carried out
at 10-samples interval. All QC requirements were met.

6. Sample Analysis

All sample analyses were done within QC requirements.

001
P \ i

1II .i\1\ LABORATORIES, INC., 630 Maple Ave., Torrance, CA 90503 TEL: (310) 618-8889 FAX: 1310) 618-0818



LAB CHRONICLE
EPA 418.1

1

03/10/1997 11:04

CLIENT:
PROJECT:

Jacobs Engineering Group
Carswell AFB / 05G47900

SDG/BATCH NO.:
MATRIX: Water

97C025

= == = = ==============—=====——= = = === = === = == ==== ===================== ====== =====
CR—A158301 C025—01 NA

CR—A158301MS C025—O1M NA

NA

NA
J

l3s I

(\

CR—A1583O1MSD C025—O1S )3:
CR—A158302 C025—02 I3,9

CR—A158304 C025—04 NA /3sc

p:y 3J?/4

\

7€COO'/w
Wt

\13.co

Q5 7Q9I:j ,

SAHPLE ID CONTROL %H20 PREPARATION
NO BATCH/DATE/TIME

ANALYTI CAL
BATCH/DATE/TIME

CALIB FILE
REF ID

..CR—A158303 C025—03 NA

J2:o ree'9C OJ/Q7/y

'—CR—A158401 C025—O5NA

—A158402 C025—06 NA

tR—A1584O3 C025—07 NA

/3:5P

I 4:3 7RCO/,'.e.

I :oQ7-eo
OS.
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ji
LABORATORIES, !NC.

.-' 630 Maple Ave.
Torrance, CA 90503

Telephone: 1310) 618-8889
Fax: 1310) 68-08l8

Date: 03-24-1997
EMAX Batch No.: 97C075

Attn: Lynn Schuetter

Jacobs Engineering Group
600 17th. Street, Ste. 1100N
Denver CO 80202

Subject: Laboratory Report
Project: Carswell AFB / 05G47900

Enclosed is the Laboratory report for samples received on
03/21/97. The data reported include

Sample ID Control * Col Date Matrix Analysis
CR-A161501 C075-01 03/19/97 Water EPA 418.1
CR-A16l502 C075-02 03/20/97 Water EPA 418.1
CR-A161503 C075-03 03/19/97 Water EPA 418.1
CR-A161504 C075-04 03/20/97 Water EPA 418.1
CR-A161505 C075-05 03/19/97 Water EPA 418.1
CR-A161506 C075-06 03/19/97 Water EPA 418.1
CR-A161503MS C075-03M 03/19/97 Water EPA 418.1
CR-A1G15O3MSD C075-03S 03/19/97 Water EPA 418.1

The results are summarized on the following pages.

Please feel free to call if you have any questions concerning
these results.

Sincerely yours,

T-/.(-' .j.r .
Kam Y. Pang, Ph.'D.
Laboratory Director

P.S. - All analyses requested for the above referenced project
have been completed. Therefore, unless instructed, the remaining
portions of the samples will be disposed after fifteen (15) days
'from the date of this report.
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LABORATORY REPORT FOR

JACOBS ENGINEERING GROUP, INC.

CARSWELL AFB I 05G47900

EPA 418.1
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS

SDG#: 97C075

MARCH 24, 1997



.A,]L rn

CASE NARRATIVE

CLIENT: JACOBS ENGINEERING GROUP, INC.

PROJECT: CARSWELL AFB / 05G47900

SDG: 97C075

EPA 418.1
TRPH

Six 6) water samples were received on 03/21/97 to be analyzed for total recoverable
petroleum hydrocarbon in accordance with "Methods for the Chemical Analysis of
Water and Wastes".

1. Holding Time

Analytical holding time was met.

2. Method Blank

Method blank was free of contamination.

3. Matrix Spike/Matrix Spike Duplicate

All recoveries and RPD were within QC limits.

4. Lab Control Sample/Lab Control Sample Duplicate

All recoveries were within QC limits.

5. Calibration

Initial calibration was at six-point and continuing calibration were carried out at
10-samples interval. All QC requirements were met.

6. Sample Analysis

All sample analyses were done within QC requirements.

01
j

lI!.tr'I\ LABORATORIES INC., 630 Maple Ave.. Torrance, CA 90503 TEL: (310) 618-8589 FAX: (310) 418-0818



LAB CHRONICLE
EPA 418.1

03/24/1997 11:06

LIENT:
—PROJECT:

Jacobs Engineering Group
Carswell AFS / 05G47900

SDG/BATCH NO.:
4ATRIX: Water

97 CO 75

.SANPLE ID CONTROL %H20 PREPARATION
NO BATCH! DATE/TIME

ANALYTICAL
BATCH/DATE/TIME

CALIB FILE
REF ID

C075—01 NA rRcCi?w ci/4, .qo cp/c; 11:( (CCt

CR—A161503 C075—03 NA

CRA161502 C07502 NA

CR—A161504 C075—04 NA
-

I

—

,.jR—A161505 C075—05 NA

CR—A161506 C075—06 NA

—CR—A1615O3MS C075—03M

—A161503MSD C075—03S NA
j/

L R • C C 7/ k' /1• 5
-

7FL(i( C

v

LCSi) w'-

(mo

R—A16 15 01

NA

w

\ Ic rPCC;ccC
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LABORATORY REPORT FOR

JACOBS ENGINEERING GROUP

CARSWELL AFB I 05G47900

—

EPA 418.1
— TOTAL RECOVERABLE PETROLEUM HYDROCARBONS

SDG#: 97D029

APRIL 14, 1997



.JLJL

CASE NARRATIVE

CLIENT: JACOBS ENGINEERING GROUP

PROJECT: CARSWELL AFB I 05G47900

SDG: 97D029

EPA 418.1
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS

— Seven (7) water samples were received on 04/05/97 to be analyzed for total
recoverable petroleum hydrocarbon in accordance with "Methods for the Chemical
Analysis of Water and Wastes".

1. Holding Time

— Analytical holding time was met.

2. Method Blank

Method blank was free of contamination.

3. Matrix Spike/Matrix Spike Duplicate

All recoveries and RPD were within QC limits.

4. Lab Control Sample

All recoveries were within QC limit.

5. Calibration

Initial calibration was at six-point and continuing calibration were carried out at
10-samples interval. All QC requirements were met.

6. Sample Analysis

All sample analyses were done within QC requirements.

onr,
C I'ft r\I\ LABORATORIES, INC., 63O Maple A'e., Torrance, CA 90503 TEL: (310) 6 8-8889 FAX: (310) 618-0818



LAB CHRONICLE
EPA 418.1

04/11/19 97 10:50

3DG/BATCH
IATRIX: Water

3AHPLE ID CONTROL %H20 PREPARATION ANALYTICAL CALIB FILE
BATCH/DATE/TIME BATCH/DATE/TIME REF ID

R—A161701 D029—01 NA T!QLOO WA O4'-ii-q—
CR—A161702 7D029—02 NA \ ):3o

;: TRDWj'CC-

R—A161703 NA I

CR—A161704 D029—04 NA
-

R—A161705 D029—05 NA

CR—A161706 D029—06 NA I,o
..2R—A161707 D029—07 NA Ii

-3 L
j,vL ):IY

OI'2

LIENT:
—2ROJECP:

Jacobs Engineering Group
Carswell AFB / 05G47900

NO.: 97D029

-i:r: NO

7Z DO/ c T1Ofl-C

—-- -c- tO29-O2M I J:4*3ç Dt7/C-F '
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1 'I
1ABORATORIE5 INC.
630 Maple Ave.
Torionce, CA 90503

Telephone: 310) 618-8889
Fax: (310) 618-0818

Date: 05-01-1997
EMAX Batch No..: 97D132

Attn: Lynn Schuetter

Jacobs Engineering Group
600 17th. Street, Ste. 1100N

— Denver CO 80202

Subject: Laboratory Report
Project: Carswell AFB / 05G47900

Enclosed is the Laboratory report for samples received on
04/26/97. The data reported include

Sample ID Control # Col Date Matrix Analysis

CR-A161901 D132-Ol 04/17/97 Water EPA 418.1
CR-A161902 D132-02 04/24/97 Water EPA 418.1
CR-A161903 D132-03 04/17/97 Water EPA 418.1
CR-A161904 D132-04 04/24/97 Water EPA 418.1
CR-A161902MS D132-02M 04/24/97 Water EPA 418.1
CR-A1619O2MSD D132-02S 04/24/97 Water EPA 418.1

The results are summarized on the following pages.

Please feel free to call if you have any questions concerning
these results.

Sincerely yours,- ---- -
Kam Y. Pang, Ph.
Laboratory Director

P.S. - All analyses requested for the above referenced project
have been completed. Therefore, unless instructed, the remaining
portions of the samples will be disposed after fifteen (15) days
from the date of this report.
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LABORATORY REPORT FOR

JACOBS ENGINEERING GROUP

CARSWELL AFB I 05G47900

EPA 418.1
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS

SDG#: 97D132

MAY 01, 1997
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CASE NARRATiVE

CLIENT: JACOBS ENGINEERING GROUP

PROJECT: CARSWELL AFB I 05G47900

SDG: 97D132

EPA 418.1
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS

Four (4) water samples were received on 04/26/97 to be analyzed for total
recoverable petroleum hydrocarbon in accordance with "Methods for the Chemical
Analysis of Water and Wastes.

1. Holding Time

Analytical holding time was met.

2. Method Blank

Method blank was free of contamination.

3. Matrix Spike/Matrix Spike Duplicate

All recoveries and RPD were within QC limits.

4. Lab Control Sample/Lab Control Sample Duplicate

All recoveries were within QC limit.

5. Calibration

Initial calibration was at six-point and continuing calibration were carried out at
10-samples interval. All QC requirements were met.

6. Sample Analysis

Al) sample anaJyses were done within QC requirements.

0001
LABORATORIES, INC., 630 Maple Ave., torrance. CA 90503 TEL: (310) 618-8889 FAX: (3lO 618-08T8
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LAB CHRONICLE
EPA 418.1

04/29/1997 19:37
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LA8ORATORIES, INC.
630 Maple Ave.
Torrance. CA 90503

Telephone: (310) 618-8889 .
Fax: (310) 618-0818

Date: 05-21-1997
EMAX Batch No.: 97E078

Attn: Lynn Schuetter

Jacobs Engineering Group
600 17th. Street, Ste. 1100N
Denver Co 80202

Subject: Laboratory Report
Project: Carswell AFB / 05G47900

Enclosed is the Laboratory report for samples received on
05/16/97. The data reported include

Sample ID Control # Col Date Matrix Analysis

CR-Al6310]. E078-01 05/13/97 Water EPA 418.1
CR-A163102 E078-02 05/13/97 Water EPA 418.1
CR-A1631O2MS E078-02M 05/13/97 Water EPA 418.1
CR-A1631O2MSD E078-02S 05/13/97 Water EPA 418.1
CR-A163301 E078-03 05/13/97 Water EPA 418.1

The results are summarized on the following pages.

Please feel free to call if you have any questions concerning
these results.

Sincerely yours,

Kam Y. Pang, Ph..
Laboratory Director

P.S. - All analyses requested for the above referenced project
have been completed. Therefore, unless instructed, the remaining
portions of the samples will be disposed after fifteen (15) days
from the date of this report.
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JACOBS ENGINEERING GROUP, INC.

CARS WELL AFB I 05G47900

EPA 418.1
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS

SDG#: 97E078

MAY 21, 1997
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CASE NARRATIVE

CLIENT: JACOBS ENGINEERING GROUP

PROJECT: CARSWELL AFB / 05G47900

SDG: 97E078

EPA 418.1
TOTAL RECOVERABLE PETROLEUM HYDROCARBONS (TRPH)

Three (3) water samples were received on 05/16/97 to be analyzed for TRPH in
accordance with SW846 method 418.1.

1. Holding Time

Analytical holding time was met.

2. Method Blank

A method blank was free of contamination.

3. Matrix Spike/Matrix Spike Duplicate

All recoveries and RPDs were within QC limit. Due to insufficient amount of
sample, only 500 ml of sample was used for analysis.

4. Lab Control Sample/Lab Control Duplicate

All recoveries were within QC limits.

5. Calibration

Continue calibration were carried out at 10 samples interval. All QC
requirements were met.

6. Sample Analysis

Sample analyses met QC requirements.

1

j '.1IA LABORATORIES, INC., 630 Maple A'e,. Tor,arce. CA 90503 TE1 (310) 61 6-8889 FAX (310) 618-0818
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05/19/1997 18:36

I'tNT:
?..OJECT:

Jacobs Engineering Group
Carswell AFB / 05G47900

LAB CHRONICLE
EPA 418.1

SDG/BATCH NO.:
TRIX: Water

97E078
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DISTP:Ui1ON WHITE - PROJECT FILE / CANARY - LAB RECEIPT / PINK - DATA MANAGEMENT I GOLDENROD - FIELD



iLä.._ji. ,,j.

JEI
JACOBS ENGINEERING GROUP INC.
6CC SEVENTEENTH STREET. SUITE 1 1N CENVER. COLORADO 80202

___ TELEPHONEI 595-8855 FAX30I59s857 CR—Al 569 CHAIN OF CUSTODY RECORD

USE A BALLPOINT PEN, BLACK INK. AND PRESS FIRMLY. INSTRUCTIONS ARE ON THE BACK

LI

(

DATE

,,,1q, TURNAROUND TIME

EtBY 2'J-'F ,,°2,' TIMEfrt*' RELINQUISHED BY

DISTR!BtJTION WHITE - ?ROJECT FILE / CANARY - LAB IECEIPT / PINK - DATA MANAGEMENT / GOLDENROD - FIELD

S7
-d

PROJECT NAME:
m to 21) LABORNORY NAME & ADDRESS:

PROJECT NUMBEq i1e a,e.e
WBS CODE:

515-41
SUBCONTRACT / 0.0. No.

CI S5I3

SAMPLE
NUMBER

.

COLLECTION— - —
DATE TIME

.

E
OF iJ:

8

. .

: ANALYSES
REQUESTED

a.> J2'C
o CONDITION
: ON RECEIPT

CI-I15I1

/
C1-A15I2

fr I'/Ie
u

1 4 oz. Jar 4 deg C S 1411.1

1 4 oz. Jar 4 deq C S 1418.1

& hr
4dsC

S 1418.1

CI-&15%4 j T 2 j
—

1 4 oz. Jar 4 deg C 3 luLl

1 4 oz. Jar 4 deg C S 1411.1
4
JO

T°Fn----1
COMMEN:

RECORD RETURNED BY DATE TIME

/
SHIPPING NUMBER:

-

DATE
I I

TiME



USE A BALLPOINT PEN, BLACK INK, AND PRESS FIRMLY. INSTRUCTIONS ARE ON THE BACK

PROJECT NAME: LABORATORY NAME & ADDRESS: mu Ix.
PROJECT NUMBEJ j heu
WBS CODE SUBCONTRACT t 0.0. No.

Torzai CL 91513-

COLLECTiON

TIME

-
E

.

c
-1151N1 1qi,

-II5'1lI2

g

21 (Y)J

1 4 oz. Jar 4 deg C S 1L1

1 4 ot. Jar 4 deq C S U1I. 1

J7'

415TIS3 '1 i/11/ S34' 1yj I 4z. Jar 4 deqc S UIL1

I1

VBV7 :RL:;::DT:E TiME

RECORD RETURNED BY DATEI! / TIME

:

I

SHIPPING NUMBER:

DIST E.JTIOQ WHITE PROJECT FILE / CANARY- ..AB RECEIPT / PINK - DATA MANAGEMENT / GOLDENROD - FIELD

'
JJACOBS

ENGINEERING GROUP INC.
6 SE VENTtENT STREET. SUITE I IN DENVER, COLORADO 80202

___ TELEP)ONE596.8855 PAX(303)595-8857 CR — Al 57CHAIN OF CUSTODY RECORD

/
1

COMMENTS:

__________ cr7

(

(

7I '—--,



J[JACOBs
ENGINEERING GROUP INC.

I I SEVENTEENTH SWEET. SUrTE I IN DENVER. COLORADO 2O2
___ITELEPHONE(303596.8855FAX303)5g5-8857 CR—Al 57 iCHAIN OF CUSTODY RECORD

USE A BALLPOINT PEN. BLACK INK. AND PRESS FIRMLY. INSTRUCTIONS ARE ON THE BACK

COLLECTiON

- LE D LEASED B

ECE 0 BY
- -

DE TI
TURNAROUND TIME

RELINQUISHED BY DATE TIME

RECORD RETURNED BY DATE

/ /
TIME

:
SHIPPING NUMBER:

DISTRIBUTION: WTE . PROJECT FIlE / CAN.AJY - LAB RECEIPT I PINK - DATA MANAGEMENT / GOLDENROD - FtELD

SAMPLE
NUMBER

PROJECT NAME:
CI1ILL&Th(DO21)

LABORATORY NAME & ADDRESS: ic
PROJECT NUMBEU 3I laple veue
WBS CODE: Is-.1 SUBCONTRACT / DO. No. ,s.

a -
U.4

DATE TIME

20

C
Ui0

I-2 W
00)1-

wW
U)>
LU —

'C

<0
ANALYSES

REQUESTED
C.,0

CONDITiON
ON RECBPT

7=2cL

COMMENTS:



i ..i..j.,

JEOBs
ENGINEERING GROUP INC.

SEVENTEENTH SIREET. SUITE t lOON DENR. COLORADO 80202
___ITELEPHONE(1OS96.a855FAX(303)59S.S857 C—A1 572CHAN OF CUSTODY RECORD

—

Jo

USE A BALLPOINT PEN, BLACK INK, AND PRESS FIRMLY. INSTRUC11ONS ARE ON THE BACK

DATE 'TiME

___________________________ Ii _____

PROJECT NAME: ( 21 LABORAJORY NAME & ADDRESS: IX Jic,

PROJECT NUMBEl* 3I laple Avenoe

WBS CODE: 55-I1 SUBCONTRACT I 0.0. No. Torrance CA 9I3--______ —

COLLECTION <
.

.

ANALYSES
REQUESTED

-

SAMPLE
NUMBER

—_____

U) O

.__SL

———-i-—.

CTh>

> i-O<ou
,
0

CONDITION
ON RECEIPTDATE TIME

CH1572

ii Ii 1(

it' ut IE

3,

j(f 47 ,..-)iJ

1

1

1 ot. Jar

lot. Jar

4 deg C

jS
4 deq C

jS

1418:1

1418.1

-

' C1415724

J1G71li -

ji u,II,

ri (, #

rtft-

j.
/ç :2.0

1 4oz. ar

1 4 oz. Jar
4decj

ii
4 deg C S 1418.1

4 deg C l" I —

4 deg C S 141&l-M572 I55O 1 4 at. Jar

R-4
57 267 "/'/f /q:33 'w /

—
COMMENTS:

RECORD RETURNED BY

DLS11(BIJflON: WHITE - PROJECT FILE / CANt'.JV- LAB RECEIPT / PINK - DATA MANAGEMENT I GOLDENROD - FIELD



.4•Iu.. C:

£6
JE JACOBS ENGINEERING GROUP INC.

I 600 SEVENTEE4TH STREET. SUITE I lOON DENVER, COLORADO 80202

ITELEPHONEIX3I596.8855 FAX(3O3)55 8857 CJ —Al 57 CHAIN OF CUSTODY RECORD
USE A BALLPOINT PEN. BLACK INK, AND PRESS FIRMLY. INSTRUC11ONS APE ON THE BACK

I 1418.1

I _____

—

TIME

BER

PROJECT FILE/ CANARY - LAB RECEIPT / PNK - DATA MANAGEMENT I GOLDENROD FIELD

PROJECT NAME: C1I3WJ. 118 ( 21)
LAORATOY NAME & ADDRESS:

PROJECT NUMBE%4l* Kaple ITUIII

WBS CODE: SUBCONTRACT / D.O. No. Torrance C. II3-

SAMPLE
NUMBER

COLLECTION
I.
tr.iu
Er

i_:i)
w'- UI0ZZz

.

wWu,
>

'' .

ANALYSES.

REQUESTED

... ..

CONDITiON
ON RECEIPTDATE TIME

.

Q-M511 24 . % Ioz. Jar 4deqC 5 1418.1

1418.1

e U44& t

'BAI ___
S

S 1418.1

COMMENTS:

RECORD PETURNED BY

DtSTRIBUTION WHTE

DATE

/ I



::

c:' '1f-DS--
JACOBS

ENGINEERING GROUP INC.
-' — 600 SEVENTEENTh STREET, SUITE 1 lOON DENVER, COLORADO 80202___ TELEPHONEI303595.9855FAX(3O3)595.8857 cR—Al 57I2CHAIN OF CUSTODY RECORD

USE A BALLPOINT PEN, BLACK INK AND PRESS FIRMLY. INSTRUCTIONS ARE ON THE BACK

DISTRIBIJTIO: WHITE - PPOJECT FILE I CANARI - LAB IECEIPT / PINK - DATA MANAGEMENT / GOLDENr,OD - FIELD

PROJECT NAME: LAATORY NAME & ADDRESS:CAlU1LL

PROJECT NUN BEFJW
—6M LtiI

WES CODE: sis-.i
--

SUBCONTRACT / D.O. No.

- --
COLLECTION O

— zz .
SAMPLE --—.— -...--.—

ANALYSES . CONDITION

NUMBER.: DATE TIME z REQUESTED
:

ON RECEIPT

cHislw /1 II% 00 A' r.. Jar 4 deg C S 5U315 SU321

A174I2 - I I —i-— — t— 3 e. Jar — 4 dc C -Z- 11 S324

Q4157403 f( IA 1 I oz. Jar 4 deg C S 51931S S132$ J _'-'' mi33O ldegt S 519315 519321

—______
Q-A151405 / 1 I oz. Jar 4 dig C 519315 51932$ o
1-I151th

- /kp , I Ioz.Jar 4 de C S $19315 51932$
o.s-'

COMMENTS:
—

P
—

DAT E TURNAROUND TIME

RELINQUISHED BY - DATE TIME

.'

/ / / I —
'pij

RECORD RETURNED BY DATE TIME



9.-.

J E
JACOBS ENGINEERING GROUP INC.
00SEVENTEEN114 STREET. SUITE I lOON DENVER, COLORAOO 80202

___I1tLEPHONE3c595-8855FAX30595-8S57 CB—A1 57 sCHAIN OF CUSTODY RECORD
USE A BALLPOINT PEN, BLACK INK. AND PRESS FIRMLY. INSTRUCTIONS ARE ON THE BACK

.,:' JTION. W-ILTE - PPOJECT FILE I CANAI?i - LAB RECEI-T / PINK - DATA MANAGEMENT I GOLDENPOD - FIELD

PROJECT NAME; (21) NAME a ADDRESS:

- --

PROJECT NUMBE7,
-

-
—IA :;--

WBS CODE; SUBCONTRACT I O. No. -4I$M vt
COLLECTION O iz WWSAMPLE -__...-_..._ - ANALYSES u CoPrnrTloN

NUMBER
DATE TIME REUE9TED 0 ON RECBPT

O
-B157SI1 fi I(,k/, Pf !L 1 BOL. Jar 4S S19315 5,3

Mfl I I — —1-- rtt S

6 3.-L1575I3 /( I,Iy , 1 B o. Jar 4 deq C S

Sl931S

SB9321

-

41S75I4 , 1 B oz. Jar 449 C S O

-11515I5 1 B oz. Jar 4 49 C S 315 ST32I i'

41575IG Ij I
iS

1 B OE. Jar I deq C S 511315 511321 / o

cJvi ss, Suj?3,c )I

-Ac1c°6 S I f StJy32O / 2_

—
DAT
DJ

TIME1._L_
2j3TURNAROUND TIME

RELINOUJ.HED BY
-

T)x
'?t

RECORD RETURNED BY DATE TIME

/ ' :--

—



USE A BALLPOINT PEN, BLACK INK, AND PRESS FIRMLY. INSTRUCTIONS ARE ON THE BACK

I

C7.)/.CS_l,JE° ENGINEERING GROUP INC.
6 SEVENTEENTh STREET. SUITE I lOON DENVER, COLOR.AO 80202

___iTELEPHONE(33)595-8855FAX(303595.8857 cr—i.i s76CHAIN OF CUSTODY RECORD

PROJECT

PROJECT

NAME:
WZ8KLI. Th_ItO 1)

NUMBE7

LA)RATORY NAME ADDPESS:

WBS CODE:
505-41

SUBCONTRACT 1 0.0. No.

COLLECT)H a w
-
_

DATE TIME

UI

WI-
UI ANALYSES

REOUESTED
U
0

CONDITION
ON RECEIPT

C1-8157611 fl 17% r'oo '' I oz. Jar 4 dig C S 519315 ST9321

- -1157G42

C1-1157613

jj (3(
,,.z

1 8 oz. Jar 4 dig C S 519315 519320

1 8 cz. Jar 4 degCS 519315519320

1-1157604 I( !7kp 1 8 oz. Jar 4 dig C S

1519315

519320

rcR11576.5
J- -A1576IG

H-
/7 4 i/5 0

u /7 B'-( 1 8 oz. Jar 4 dig C S 519315 513321

84 I 8oz.Jar 519315 519320

COMMEF'115:

DATE ME

'LL9
DAW TIME'I

TURNAROUND TIME

U

RELINQUISHED BY

RECORD RETURNED BY

DATEIi

DATE

_I /

TIME

TIME

WH1 .ç<J[( liLi I CAN/..P/ Li.[ RECEiPT / PiNK - DATA MANAGEMEN! / cCiLDEIIROD . FIELD



EJ°BS ENGINEENG GROUP INC.
I 6 SEVENTZUT- STBEET. Surt I 1N DENVER. cOLORADO
L TELEP4ONE - M5 Fk ) - C R — A 1 5 7 7CHAIN

USE A BALLPOINT PEN, BLACK INK. AND PRESS FIRMLY.

DTP:LJT1CN i1-TE - pJE-cr FL - 3 EPT I PN( - DATA AGaMENT / GCENCC -

OF CUSTODY RECORD

INSTPUCT1ONS ARE ON ThE BACK

V/

I-,

[TJEC1 NAME:
NAI.4E & ADDPES:

?R 0JECT NLM BE7
-

W8S CODE:
545-41

- SUBCONTRACT / 0.0. No. -. ,
- -- - -. - '.c_ - -:-

COLLECTOU 0; uiuI z
SAMPLE '< ANALYSES COt4D4TIQH

DATE T.(E E . f EO1JESTE 0 ON REC8ET
- :- :- — - :

-

-f-::;
' -

-
:- -

-imsi

CH15I711

IQ:37
j,,

J 1
8 O. JdI S ZT'2I

18 o. Jar 4 deg C 5513315 513321

/ Q-k1ST14

i2 'nJ I I

f i/(j'7 32J 18 o. Jar 4 deq C S
519315 513321 ,,

- C1-3157715 : 18 oz. Jar
4

dei C S 513315 515121 -

18 oz. Jar 4 d C
-

COMM ENT.

BY

jDAEj_11TURNAR0UNO
ILME

C1 BY -

-

DATE Tfl/ RELINO4JtSNED BY - CATE lIME

,jJ\ )) l(I1./1 & .

RECORD TUR1E BY
-

DATE

I

/

lIME

jSHIPPINC NUMBER:

Ii 0 0 0 6



L7)/ TL3
LORDO 8O22C—57BCHAIN OF CUSTODY RECORD

- c-{i51 j iii 8 oz. Jar 4 deq C S I31 $13

a E:EP! / P CAtA AEWEJ I G2CC .

000n62

JACOBS ENGINEERING GROUP INC.
6O SBVENTEEMT STP.ET. surr li OENWR.
TaEPH0NE (XCI 5c4. FAX )3 595.

USE A BALLPOINT PEN. BLACK INK. AND PRESS FIRMLY. INSTRUCTIONS ARE ON THE BACK

LI

V

V

V

PROJECT NAME. -
1LABORATORY

NAME & AODESS;

-_____
PROJECT NUMBE1

WOScODE

SA?.PLE
1UMEE

..

.

CCLLECTON
:..

DATE •.TAE
. S S

sU2CoNTACTi D.O.NO.

O u
Z .<

.

•

UI

>
-...-- ..... ...: -I :.-:- CODt1O

EOUESTED .-' E.-- ONECBPT
. ..: .

. -•.

II /'F%1 /1
Jei/

,,.,j I 8 Jar deg C

S
SIfl5 fl1Z4

-Ii842 Iq1, , 13 oz. Jar 4 deq C S

S1315

ST53d

13ThI3 fr 1Jff 1 8 z. Jar deg C S15 S134
/ !( I)/I:4f.yJi 8 oz. Jar 4 d C S 31 ZT3fl$

COMM:

LE LSED BY DATE Th4E

DATE TIME I RELINj.LI5HED BY 1 D&T T1U
, , I

) ii/,z/. 3O [

flECCW RETUPNEO BY DATE TIME
F I 1

SHIPPING NUM9E:

-S



JACOBS ENGINEERING GROUP INC. 9/4 -
6 SEVENTEENTI-I STREET. SUFTE I lOON DENVER, COLORADO 8O22

___ TELEPHONE(595-8855 FAX(303)595-8857 CR —Al57 9CHAIN OF CUSTODY_______________ RECORD

USE A BALLPOINT PEN, BCK INK. AND PRESS FIRMLY, INSTRUCTIONS ARE ON E BACK

PROJECT NAME: LABORATORY NAME & ADDRESS:
cAisim. AlE (DO 21)

1 -
PROJECT NUMBEFâl* —''-
WBS CODE:

-
SUBCONTRACT / 0.0 No. irr%w— y,,';/)ç
fl U. - -

COLLECTION
• :

wt' z WUJ
-

SAMPLE q> CEW ANALYSES CONDITiON
NUMBER

DATE TIME ZL- REQUESTED : ON RECEU'T

Q.> u —

Ji IjII4

cR-A15791G fi —

21 ___

$19315 519321

D;STflLBUTON. V/HTE - PfOJEC1 FILE / CA?IAP' - LAB IEOE-' / PLNk . DATA MANAGEMEN1 / GOLDENROD - FIELD

TIME

Ij/ci-A151911 1 8 CE. Jarmj 4

cl-1157913

degc

II
, ir

i' go? 1

I,l41579I4

cl-A151905

I,iIf

8oi.Jar 4dqC

'-I

$I931
SI32l

d1
•f3 :3

S

1 B or. Jar

$19315 $19328

4degc 5

1 Boz.Jar

519315 $19321

4deqC

/ c_

1

S

8 or. Jar

$19315 $19328

l1o

4degC S

rni

519315 S19321

L

COMMEmS:

-7
/8'

(-

BY

n

RECORD RETURNED BY

DATE
I I

SHIPPING NUMBER



OF CUSTODY RECORD

1

D:(1.IBLJTION VMITC - PROJECT FILE / CANAP/ - LAB RECET / PINK - DATA MANAGEMENT / GOLDENRCD - FIELD

JACOBS ENGINEERING GROUP INC. 9.".L c.
600 SEVENTEENTH STREET, SUITE 1 lOON DENVER, COLORADO 60202
TELEPHONE (303) 595. 855 PAX (303) - C R — A 1 5 B 0CHAl N

USE A BALLPOINT PEN, BLACK INK, AND PRESS FIRMLY INSTRUCTIONS ARE OTHE BACK
L)

PROJECT NAME: cisr AFB (DO 21)

)JECT NUMBE7
WES CODE: si-ii SUBCONTRACT 1 0.0. No. r'//,

U,

COLLECTION ZZ
SAMPLE co> LL ANALYSES () CONOTON
NUMBER

DATE liME i Ws.. REQUESTED ON RECEIPTz 0 -.I ° .> . —
-A15BII1

CR-1158112

/1

) I))

:j ,22j 1

1

$ ot. Jar 4

8o.Jar 4

deg C

deg C

S

S

[519315

519321

519315 513311

—___________

CR4158113 ;) iIj(jj 3 1 8 oz. Jar 4 deg C S 513315 519328

CR4158114 Ij I7i ;c
V C.J

d,s 1
'H.)

1 8 o. Jar 4 deg C S 519315 513321

[__________________
—

fl

-J-

CR4158116

cR—.4'

rn 1 8oz.Jar 4degc'S
/1.fr/&

/

513315 513320

COMMENTS:

S

/

I LEC DSE0_BY
R IVE . — DATE T MEItjIzj)

TURNAROUND TIME

RELINQUISHED BY DATE TIME

c /-
RECORD RETURNED BY DATE

I
TIME

SHIPPING NUMBER:



III

JEc°Bs
ENGINEERING GROUP INC.

I 600 SVENTEE.(TH STREET, SUITE I lOON DENVER, COLORADO 80202
___!TELEPH0NEC35855FAX(O3)55-8657 CRI!15B3CHAIN OF CUSTODY RECORD

USE A BALLPOINT PEN, BLACK INK, AND PRESS FiRMLY. INSTRUC11ONS ARE ON THE BACK

PROJECT NAME: LABORAIOPY NAME & ADDRESS:

PROJECT NUUBEJ7W I laple he2e
WBS CODE: SUBCONTRACT / D.O. No.

Torrance Cl I5I3-

SAMPLE
NUMBER

—-_____

COLLECTION
U)

weh

E

Jez wz4( .w
U)>

>
cw ANALYSES

REQUESTED
o0

CONDT1ON
ON RECEIPTDATE TIME

-____
ci-ussi / ( o 1 11 &er Glass 4C 12S04 MILl (j7 TLC(
CR4158312 /t3 8l 1 11 IE'er Glass 4C 12S04 I BiLl

(58303 3/5/97 i'3o " I jLm. W HB.1

II.5O I I"st- JOq 4I8.1

- NJY
COMMENTS:

RECORD RETURNED BY

Fc 3(LS

/

DATE
/ I

TIME

— DISTRIBUTION: WITE - PROJECT FILE / CANARY - LAB RECEIPT / PINK - DATA MANAGEMENT I GOLDENROD - FELO



JACOBS ENGINEERING GROUP INC. 1 Co 2-i
8 SEVENTEENTH STREET. SUITE I ICON DENWR. COLORADO O2O2
ELEPHONE(303)5g6-8e55 gs-7 CT — A 1 5 B 4 CHAIN

USE A BALLPOINT PEN, BLACK INK. AND PRESS FIRMLY. INSTRUCTIONS ARE ON THE BACK

PROJECT NAME: LABORAIORY NAME & ADDRESS:

PROJECT NUMBE .
3S laple Iveue

wes CODE: SUBCONTRACT / 0.0. Ho. Tortee U I5I3-

SAMPLE
NUMBER

COLLECTION
—

DATE TIME

.

Ifl

WIfl

EU)

I.Oz W0ZZz Ui>
c.>

U1

U
ANALYSES CONDITION

REQUESTED 0 ON RECEIPT

1115.1a-iisusi
i!'.iiJtc.3

j ..OO

1 1LIjbuliu IC!2S04

) W

PdJ J
j L 4...L. /I.5c,. W E (8.1

COMMENTS:

LJE OF CUSTODY RECORD

7

E

-

RECORD RETURNED BY

DISTRIBUT1cL WHTE -

DATE

I /
TIME

PROJECT FILE / CANARi- LAB RECEIPT I PINK - DATA MANAGEMENT / GOLDENROD - FIELD
It 9a7830qc



—

JR
JACOBS ENGINEERING GROUP INC.
600 SEVENTEENTH STREET. SUITE I lOON DENVER. COLORADO 80202
TELEPHONE 303) 595 - 8855 FAX (3001 595 - 6957 C R — I 1. 5GCHAIN OF CUSTODY RECORD

C.ELLECTED P ASED BYfl t.ATE TIME

______ LLJ 7LL
RECEIVED BY r -1 U LATE TIME

TURNAROUND TIME

USE A BALLPOINT PEN, BLACK INK, AND PRESS FIRMLY. INSTRUCTIONS ARE ON THE BACK

PROJECT NAME: CARSIXLL Am ( 21)
JLABORATORY

NAME & ADDRESS: Ø

PROJECT NUMBE%7 ap1e Annie

WBS CODE:
515-Il

SUBCONTRACT I D.O. No.
Torrance CA 91513-

(,i

SAMPLE
NUMSER

COLLECTION ItP

E- -

u_ti,Oz

1c__

uZz

C) -

>
.>

.
..

W ANALYSES

.
REQUESTEDO

-- - -

o CONDITION
ON RECEIPTDATE TiME

--- - ..

1-L1S8I1 3 !qIq- IZb
1 Gal Poly1

—T cR-M5u12 !j -3 , )7j, 3o!

I(C3

der(

1 1 Gal

I !s"ns S19321

Poly
S

I 519315 51932$

i4tP7 SW33� .5' )_,(__O/\/
CC.I1MEllTS.

rroRDrrTuJEDy -

RELINQUISHED BY

/7/ ./' ______________

bATE TIME H

DATE TI ME

.HIPPIUG 1K



USE A BALLPOINT PEN, BLACK INK, AND PRESS FIRMLY. INSTRUCTIONS ARE ON THE BACK

PROJECT NAME: flLLU!(2i) —.__-
LABORATORY NAME & ADDRESS: 1IC

PROJECT NUMBER: Wie &t
WBS CODE:

5.5-It
SUBCONTRACT 1 0.0. No.

W13-

SAMPLE
NUMBER

COLLECTiON
.

DATE TIME

uj

v_

I_cn° 'zzO-

&

•>--.
,c

o
ANALYSES

REQUESTED

-.-..
31S U33

0
-.-

COND4T1ON
ON RECEPI

..__
c tsiu 3 izji --__-I I Cal Poly . j4ecr -__

— — ,J S/4 lP — —,

Vq/y Jzi. i 11 5W73J5 SW3ZO' W5W'3' 5W132O —

0 )l't1 (j• Szfl32O

COMMENTS:

COLLECTED & REI.E LED BY

RECEIVED BY

DATE

4
TIME

.II
TURNAROUND TIME

REUNQUISI4ED BY DATE TIMEIt

RECORD RETURNED BY DATE

F I
TIME

:

.

SIUPPINO NUMBER:r-
DISTPLfTION: WHITE - PROJECT FILE / CANARY - LAB RECEIPT I PINK - DATA MANAGEMENT / GO1.DE}ROO FIEU)

— —

J F
JACOBS ENGINEERING GROUP INC.
600 SEVENTEENTH SThEEI, SUITE 1 lOON DENVER, COLORADO 60202

______ TE1EPkONE(30)5Q6-6855 FAX(103)595-6857 7CHAIN OF CUST



JACOBS ENGINEERING GROUP INC.
600 SEVENTEENTh STREET. SUITE nOON DENVER, COLORADO 80202

_______ TELEPHONE C0) 595- 8855 FAX (3031 595 - 885?

USE A BALLPOINT PEN, BLACK INK, AND PRESS FIRMLY. INSTRUCTIONS ARE ON THE BACK j)c
ADDRES, -LABORATORY NAME &

re 2?—
SUBCONTRACT / 3.0. No. /1

SHIPPING NUMBER:

DISTRIBUTION. WHITE - PROJECT FILE / CANARY . LAB RECEIPT / PINK - DATA MANAGEMENT / GOLDENROD - FIELD

"OJECT NAME:
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AFCEE FORM BL.O



Borehole ID:_______
BORING LOG Sheet IofL

Location

WSA
Name I Project Number

BAckcjv 54 I c157?oc
I Dill let

Dpany
Equipment I Drilling Method I Borehole Diameter

Gop,vLe Ifra.*Pw-,L I
of Sampling Device

-

/ "( / 5 feus.

LTCCODE (IRPIMS) Site ID I LPRCODE (IRPLMS)

I
Ground Elevation Total Drilled Depth

3.ac45é9s
Daterrimc Drilling Started Date/lime Total Depth Reached

ti/(? /i,4.fo
Water Level (bgs)

-

First - Final

Hammer
'

Driving Wt. Drop

Hydrogeologilt Checked by/Date

I
(include sketch in field logbook)

'
ii—

-

:-

: :

6
——

8
——

0

2

Description

(Include lithology, grain size, toning, angularity, Munsell color name &
flotation, mineralogy, bedding, plasticity, density. contistency, etc., as

applicable)

Sy 4-io% -Ce s4.4 .—J 1°-°6
\ /ua,wrjc,4.e -fvAjn.eAS. —

4LCIAyC$M)..1.1j4f p'4yitr#4 2S/. 4'u ssc iv
S'h 11**1Je 4j4s.

—3, a — F

E
5%""

L)

—

at0
5

—

'5
'

A
—

Remarks

(Include all sample types & depth, odor.
organic vapor measurements, etc.)

ytz 1.ost
Tho3-A.

V

oIt -rA-B
—

AFCEE FORM BL.O



Borehole ID: T1%
BORING LOG SheetJ_of/

-F

LocaItonWS/4
Pro' N c Project NumberiJy C6'7'o LTCCóDE (IRPIMS) Site ID LPRCODE (IRPIMS)

Drilling Contpan 11cr

(Eo g0.1). 7jo3IScN
Driujng Equipm nt grilling Method Borehole Diameter

IJl(CR/
Type of mplrng Device

Clt/.�5

Ground Elevation Total Drilled Depth

4IO
DatcTi e Drilling Started Date/Ti Total Depth Reached

fS'oo
Water Level (bus)

First Final

Sample Hammer Hydra cologi I Checked byfDate

Te - Driving WI. Dr
Location Description (inchtde sketch in field logbook)

,S '
—:L:
2

— —:

5——

6

7——

8

9——

0
Description

(Include lithology, grain size, sorting, angularity, Msmsell color name 8
notation, minerology, bedding. plasticity, density, consistency, etc., as

applicable)

d y(L) yii
uItA'uJ ck'

— — — — — — — — — — a

tz7; t.eJ ''1ve-e

,
j L

4

Remarks

(Include 511 sample types & depth, odor.
organic Vapor measurements, etc.)

j-
co//ecLi A 1"d

5VI/.

'

—

AFCEE FORM BL.O
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i..

BORING LOG

AFCEE FORM BL.O

Location

WSA

Borehole ID:

Sheet L.. of ._L..

Project Name I Project Number

¶s%aLy I O5&c7'oO
Drilling Ced(pany I DeillerC) Ccp Ie'F

LTCCODE (IRPIMS)

Ground Elevat,on

Site ID I LPRCODE (IRPIMS)

I
Total Drilled Depth

milling Equipment

I

Driiling MCIItO1 I Borehole Dameter

Orac4 jtJ. I
Date[li e Drilling Started

U/6f9 /s
Date/Ti e Toed Depth Reachcd

/6,'i5
Type of ampling Device

k,t4L SS S1QCt"
Water Level (bgs)

First Final

Sample Hammer Hydrogeologist I Checked by/Date

Type Driving WI. Drop B. t1ee(y I
Location Description (include sketch in field logbook)

.e
0. L)

Description

(Include lithology. grain size, sorting, angularity. Munscil color name &
notation, minerology, bedding. plasticity, denscty, conaistency, etc., as

applicable)

"5
"" ,
D

C.)

b

Remarics

(Include all sample types & depth, odor,
organic vapor measurements, etc.)—

5t+1dy (Y"Y"Y" 1AI- ((04((3f2 cJAy i- jie.vr
2—

o;1 sJy - .s4lo.f3
4/3) , Ac..-4s'— — AMmJ#O4' /).t€SsW 44'1::

5 — — 5,0-
( 7&3 i1- .,r44 ,J6L*y.6 — /00h A41I#IJ 1te4e

7 -
r( A+ '.o-cc.8

9——

.

/y
— — —

C0 /Iec

- — —__________



. i
IA] I

BORING L'' BoehokID:BTE77?O
Sheet

Location

Ws4
Project Name I Project Number

si,, I ?to
Dnllusg Company I riller

&o lt) i€L--
Drilling Equipment I Drilling Method Borehole Diameter

I1).r,&iPs4

LTCCODE (IRPIMS)

Ground Elevation

Dat/T e Defiling Started/3o

Site ID j LPRCODE (IRPIMS)

I
Total DnIled Depth,
DatePlimc Total Depth Reached

Type of Sampling Device

/"X2.' i..t/ 5S
Water Level (bgs)

First Final

Sample Hammer

Type
- DeivinWt. Dro

Hydrogeolo ist j Checked by/Dated'i- II
Location Description (include sketch in field logbook)

—

t
C.)

0

Description

(lnch,de lithology grain size sorting angulanty Munsell color name &
notation, minerology, beddIng, plasilcity, density, consistency. etc., as

applicable)

,"
D

S

Rcmsrkz

(Include all sample & depth, odor.
organic vapor measurements, etc.)— ::

2 L
-

3

:
4

6
7——

8

9——

- — $U'y ClAy (L '- IAvk fAys54
((Ff c('y tats4L S—

411t.?DO451DJ.p
'—1.S

5%t4y. /0-10%
4+1+1 le54' 4iaWa.45.3-0—e4*( At 3.b i. s

C
— —

6Od- &EWo6-A

.

(oIl1&TT7
PIL

— — -

AFCEE FORM BL.O
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Borehole ID: SET 107
BORING LOG shtJof4

I Project NumberN

Ddll t!r I bZ'(T7Oo
I Dyller

GEo I Dx' seL+
p ent grilling Mhod Borehole Diameter

ofSampling Device

LTCCODE (IRPIMS) Site ID LPRCODE (IRPIMS)

Ground Elevation Total Drilled DepthL/O
DatctTi e Drilling Started

-
Date/Time I Sal Depth Reached

f(/779 l3OO
Watcr Level (bgs) —
First Final

Hammer
-

Driving WI. Drop Hyd,eo7,
Checked by/Date

I
Description (include sketch in field logbook)

?

u

::
—::
—

— —

E

:56
—

8
—

o

Description

(Include lithology, grain size. sorting, angularity, Munrell color name &
notation, minerology, bedding, plasticity, density, consistency, etc.. as

applicab!e)

'-'t,y14yCeC-'- Dk L ,
6 ( , 25% -(t

—

:!5ft ( .—
c(Ry1c1,ectte LA

1T\,tab-',J -Cf -' //
—,--——

vl\A(- LFD c1.

C
5_.
us

—

ML

—

0'

.

—

0
Q

;
\,-

—

—

Remarks

(Include all sample types & depth, odor.
organic vapor measllrements, etc.)

ec* 3TA7tY7A

.

— — — —

CoIIec±&ETR7-1

AFCEE FORM BL.O



i '.rIt

Borehole ID: 377t9'O8
BORING LOG Sheet_Lofj

Location

WM
I Project Number

-

I OsG47L?O
Drilling ,nwany DgjllcrGo
Drilling Equipment Drilling Method ' I Borehole Diameter

I 2 ,

LTCCODE (IRP[MS)

Groond EleaIion

Date/Ti e Drilling Stailed

/ fc-: 05

Site ID LPRCODE (IRPIMS)

Total Drilled Depth

Dateftim Total Depth Reached/:/
Type ofSampling Devicet cj,L su/ P(Acli- (ett'C

Water Level (bgs)

First Final

Sample Hammer r-
Type Driving WI Hydrost

Checked by/Date

Location Description (include sketch in feld logbook)

It
II

C

tJ

en

Description

(Include lithotogy, grain size, sotting, angularity, Munsell color name
notation. minerology, bedding, plasticity, density, consistency, etc., as

applicable)

B,
D

, L

Rematics

(Include all sample types & depth, odor,
organic vapor measurements, etc.)—

—

:
2 — —

3

— —

6
7——8
9——-

-

() - c(,q
cv, II'y &4i6' L-c. (Ay c/
-h 41,ô 4. ;#&

9/J broct,c'iC22 %) 4! ,4)/C
(7..sv2 ).

—
0-c-

- - -

Cc4teCFtAfO-/
.

C?3TN1&.B

AFCEE FORM BL.O



BORING LOG
Borehole ID: 13T11O1
Sheet ....L..of_j

Locati n

VSPt
ed Number LTCCODE (IRPIMS) Site ID LPRCODE (lPPIMS)

Ground Elevation Totaj Drilled Depth

9;c)_-(1,
Borehole Diameter

!OO

Water Level (bge) —
First Final

Hammer -
Dnving Wi, Drop

Hydrogeologist
-

I Checked by/Date

I
Descripuon (include sketch in field logbook)

?,'
.5

_-
: :: :

2——:
L::
—

Cn

—

Descnption

(Include lithology, grain size, sorting, angularity, Munsell color name &
notation, minerology. bedding, plasticity, density, consistency, etc., as

applicable)

C1Ay()-JAkkLII4 cLAJ(3/). ity 1L si ft ,L '% - S4-'c.
4 "lb q ,, Je€, 4J C4441
mfI zo'ec i4L(yes/s)
.-L4y.

—2.5
J�4f (41v#? - ft&ItA/efr

stt#Jt yeIIoi:'*k Mc,-Y'.t&' w

B.''u
C,)

Ct.

0
3'C' 0

b*rr

Ph

Remarks

(Include all sample types & depth, odor.
organic 'apor measurements, etc.)

Cot J&+ &Evq1-A

(411&+ TA9O57

-56
——

8
——

7i cf borN A± 4O C-1.

AFCEE FORM 13L.O



; ,
Borehole ID:_______

BORING LOG Sheetof4_

I cation

ViSA
Project NumberPtoje

DTilling (mparry I Cr

eJwd
" I Borehole DiameterDrilling Equipment IcPut I 2,

LTCCODE (IRFIMS)

Ground Elevatipo

DaIePlimc Drilling Started

1(/g/T C8:/O

Site ID I LPRCODE (IRPIMS)

I

led DepthTotaIDril

Datefji Total Depth Reached

/I/97 CP1op
Type o(Sanspling Dei

2"x''/ 5(eel/c5
Water Level (bgs)

First Final

Sample Hammer

Hdroolo)
Checked by/Date

Type Auto WI. — . eel v I

Location Description (include sketch in fleld logbook)

.0

y

Description

(Include lithology, grain size, sorting, angularity, Munsell color name &
notation. minerology, bedding, plasticity, density. consistency, etc., as

applicable)

5-

u,

5-
as0
'B
E

C

.

Remarks

(tnclude all sample types & depth, odor.
organic vapor measurements, etc.)

— —

2 — —'
— —

4 :
:

5 — —
- —

6 :

—

:8
9———

C_lAy
(/o47'z.) c.lAy 4i .2C-3% ft.\ g00 - . . d€4

-

ciAy(Ao/l/eJ
Cfo6/ty ('i°Y/d ,171d bk'(
'Y (Ay ,'j c!44f £45lilI cr451'4 (
sW /v4ts+e 1c't
45 A5 ,h,o'e cl#y.

S(k4'

,L:u.,/t4*
04 p.-c' 41— 7Zc-f.A?.Z

— —

5"

—

°''

4,t

oj(,ci SA-'.,iLe
LH2

(a3ErAf-8

a- —

AFCEE FORM BL.O

—
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Borehole ID: ET CI4 C7/ /
BORING LOG Sheetjofj

Locarmo,JS
I Project Number, I EIOO

Drilling Cctt(pany

Co 1r
Drilling Equipment I Drilling Mciii I Borehole Diameter

IA,ez±A41 I 2,

LTCCODE (IRPIMS)

(itound Elevation

Date9'i e Drilling Started

O7/O

Site ID I LPRCODE (1RPIMS)

I

led DepthTotal Diii

Datefrmc Total Depth Reached

cq-s
Type of ampling Device

u.f /)Li1fc JQeVe
Water Level (bgs)

First —---' Final

Sample Hammer Hydrogeologist Checked by/Daie

Type Driving WE Drop —
14943/

Location Description (include sketch in field logbook)

'

:
2——

:3——

:
4 — —:::

:6
7 — —

-'

—

—

Description

(Inchide lithology, grain size, sorting. angularity, Muncll color name &
notation, mincrology. bedding, plasticity, density, consistency. etc.. as

applicable)

t
- coHec4' -(' deep iô/e
okay.

dAY L- ol)&
(io'/) A1 cioyJ c(i od€i.*zWy

,5(/V 4,.rite
— --' bt IlA,a

C0t,41 -
9A CLAy (#2.s'ie7k). l'VOJ sA)i.4fr1
4ioi fitPe'UCS. //A'd éo

,
B)_''

u,

D

0.
5
0-'

k

Remarks

(lisciode all sample types & depth, odor.
organic vapor measurements, etc>

x(
'

(AcIIB
,S

0/t,hL

—
Ex13c o pve M- 7cir8

9—-—

AFCEE FORM BLO



BORING LOG
Borehole ID: !T4! 2
Sheet_I..- of J_

LO
Prqqct Nne 1 Project Number

tcickqvt s-i4' I
DrillingCpany I

Drilling Equipment
-

QcillingMeIbod I Borehole Diameter

II1b,&...+I(,tlj 2
Type itSampling Device," L P(s-1'c 3 ((?e VQ_-

LTCCODE (IRPLMS> Site ID I LPRCODE (IRPIMS)

I
ed pthGround Elevation Total

Datetli e Drilling Started
-

Date/Time Total Depth Reached

/I/771 I'1'C
Water Level (bgs)

First — Final —
Sample Hammer

Type Driving Wi. — Drop —
Hydrogeologisee(y

Checked byale

Location Description (include sketch in field logbool)

D

Description

(Include liihology, gum size. soiling, angularity, Munsell color name &
notation, minerology, bedding, plasticity, density, conns!ency, etc., as

applicable)

uS
o' I,)

Remarks

(Inekude all sample types Sc depth, odor.
organic vapor measurements, etc..)

:
— —

2 — —

3 — —
::4::

6
7——8
9——

dAvt4- Ve.y dcyiIy
(OL/ CLAy 20 3o% silt

pMs.
C14 C- pd€ I 6diy

yet( (2.vfóclAy,
5i l'f Arj /o% (

— /:Jb04

c
—

(eq'cj SA—,e.42c4
o -
(b/z-/4)

a
L

c

Co/(eck ,1soIe

—

&iz9os, a- phe .4 içi

AFCEE FORM BL.O
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'ii-.JL ,;,,

BORING LOG

t:

Borehole ID: ETA13
Sheet j.. of _L

AFCEE FORM BL.O

Location

frt) S/\-
Project Name I Project Number

4J4frV4 5c4y I 0 5G7)
LTCCODE (IRPtMS) Site [I) LPRCODE (IRPIMS)

I

Drilling Cnpanv
' I ller

Gt c:o.
DriIlin Equipment / I Drilling

JeN k41'+
I Borehole thameter

kptt1DaL I 2li.

Ground Elevation

Datc)Ti e Drilling Started

fi/9 //. Q)

Total Drilled

De
DatetTme Total Depth Reached

/( 415
Type ofamplin Dcvi Water Level (bgo)

" ti/ //A/ic /'Li- First — — Final

ologist I Checked by/DateSample Hammer Hydro

Type Driving ,/"fee1y I
—

ctud aketch in field logbook)LocationDescnPt , (,
Description .2 Remarks

.e
(Include lithology. gmin eizc totting, angnlasiiy, Munsell color name & " E LI

y vi
o notation, minerology. bedding, plasticity, density, consistency, etc., as (Include all sample & depth, odor.

- - applicable) —- — organic vapor measurements, etc.)

T c-lAy LA.)rIl.
.4jj-$L..

oAre.. Li4

dAy (CL)- eyc4iq(m3fl
ASiJA( .sgecLçs,_
?o0f cii-, lZ6JevA'k(y

CCtt4lue 73 u,Oper z,'AciPv
-k Cé. ecu N.rn.

c.. i4t. Ieci4Ac a rft,
fs (5O! IIDJ

1—

3,7 . eveiyc
-6'044't 0-1.1

(&imA c'f—42

3

4

5

6

7

8

9

T! H e'ce o
Ok'CJ/ts'JLC

tfir+f.

S%Jc>I Cky PkyeI1o
£2..SY7/i) cl4 i4j,,2OLo%
4VJ 4-'c s7(+. /00/ ase4' I S*.I'.J!
Art- '5'd /D-'

((4
/(- S'A'aa4

-cp.0lt .-S -c

(7T,?c7/3

47L f



BORING LOG
Borehole ID: 8,SE7A 'f/ç
Sheet .L. orJ_

AFCEE FORM BL.O

WsA

—

Project Niroc I Project Number

&4c.kgyv,icI StQJV I C'5''47')'O0
LTCCODE (IRPIMS) Site ID I LPRCODE (IRPIMS)

I

Drilling Co!pmy I rilletGO 4e IS&hA.±
Drilling Equipment I Drilling Method Borehole Diameter

eot'oe. I_+ftu1t i &.
Type olSampling

x # /4S'1k S (eevcs'

Ground Elevation Total Drilled Dçpdt

q-. c ct-.
DateTi Drilling Slatted Dale'i Total Depth Reached

/11,17% 0920
Waler Level (bgs)

First — Final

Sample H mer Hydrogeologist

Type Driving wt,
-

Drop [, Cleejy
Checked by/Date

,
Location Description (include sketch in field logbook)

a

— -
——

:
2 —

L:
4:-_

6
7——8
9——

Description

(Include lithology, grain size, totting, angularity,Munsell color Itame &

notation, minerology, bedding, plasticity, density, consittency, etc., as
applicable)

i'- ,pt4Sc, ic0'j? 'ckycct M

yLi1Lt&,o

j4\/ 3& zo-3o"I (', 54vd1bCi4fdi4(
z-ô,e e'? j,#e//osia4 6-OosJ

cty. z4*t COI'V o4"f

0 4

5,
C'' '5 t

L.
— —

Remarks

(Include all sample types & depth, odor,
organic Vapor measurements, etc.)

Cii

&I/+ &rETA9/- B
,j T4q,4-8Fi

----________



BORING LOG

Location

RoreholclD: &1TA' ?5•
Sheet __ ofJ_

amejc
Drillin dmpanyc.lling Equ43zm
Type Sampling Device

2K'+' &a/

I Project Number

i
JriIlcrrse144

I Drilling Method' I Borehole Diameteri- i .
P/11' 5AVL

LTCCODE (IRPIMS) Site ID I LPRCODE (IRPIMS)

i
Ground Elevation Total Drilled Depth

L,Q ,(f.
DaIF(1 Drilling Started Date/Ti Total Depth Reached

Water Level (bgs)

First - Final

Sample Hammer

Type Driving Wt

Checked by/Date

Location Description (include sketch in fleld logbook)

Description

(Include tithology. grain size, sorting, angularity, Munsell color name &
notation, minerology. bedding, plasticity, density. consistency, etc., as

applicable)

(9j v,E(Pe3/2)
cot.4e S+ dq#.i ctasi 4.

M7c ce/&L44/y .C1O, fo9S'-k

c-//LJ& js/)
(fl'f 4t4. W*(1ou./,.,. der. JiaMe4eI4

13I/L O/?C '4* O

Rema,kg

(Include all sample types & depth, odor.
organic vapor measurements, etc.)

4ii..i
(otleci" ETA?/�-A

2
E
5%

U,
U,
C)
U,

0
0
.5
-J

C
4,

2

4

5

ojiec. &iET149/s&

6

7

S

9

AFCEE FORM BL.O
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Borehole ID: BET'i/ ,
BORING LOG SheeLJ_OfJ_

'V

Location

4jS ,i.; —

Nimc Project Number

o*47Oo
ompany 11cr

GoCp13. )r\I41l4#
Equipment iling Me oè Borehole Diameter

joc 6'rec A35

LTCCODE (IRPIMS)

Grmrnd Elevation

Dat I e Drilling Stifled

/O:3c'

Site ID 1IPRCODE (IRPIMS)

I
Total Dnlled Depth

Bô 4f.
Dii im Total Depth Reachedio.'

Sampling Devicel S k€t'(...
Waign Level (bgs)

First Final —
Hammer

j41A3) Driving WI, ' Drop
Description (include sketch in field logbook)

Hydrogeologist
-

Checked by/Date

/T/tfee(y'

g
.5

L

m

Dcscnption
.
(Incinde lithology, grain size, soiling, angularity, Munsell color name c
notation, minerology. bedding. plasticity, density, consistency, etc., as

applicable)

2.
Remarkt

(Include all sample types & depth, odor,
organic vapor measorements, etc.):

:- -
- -:

__ -L- ve
*, Io 'Y)drWv we#J

/ k4 cIik frkI' snpt. I4Asd w,'.Ik oc-( ai

E7AW6A

.

::::—
,—
——

——

——

——

c( ,— 3.o —

AFCEE FORM BL.O
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Borehole ID:_______
BORING LOG Sheet_LOLL

Location

Project Number

Svy I c)S6<.77OO
Dtillin (,npany I tllec
Go c. I/Is.+
Drilling Equinent

Iling
Meiod '' Tiehole Diameter

,+M-1 I

LTCCODE (IRPIMS)

Ground Elevation

Date(ri e Drilling Started

o:ss

Site ID I LPRCODE (IRP1MS)

I

Total Drilled Depth

z o c+.
Date/Tim Total Depth Reached

iioo
Type Sampling Device Water Level (bgs)

'u x: P)AIiC Ieeve._ First — Final

Sam Hammer 1-tydro

Type i4ii+o Driving . ——

-

Checked by/Date

Location Description (include sketch in field logbook)

g—

5
o

er

Dcacnplion

(Include lithology, grain size, sorting, angnlarity, Muntell color name &
notation, minerology, bedding, plasticity, density, consistency, etc., as

applicable)

F>.°'
C.)

D

0'
.5,

0
C.)

b

Remarks

(Include all sample types & depth, odor.
organic vapor measurements, etc.)

'::- -
2— —

- -
3—.——::::
EE

s—
fE6

7 - -::8
9——

C(Ay(CL3- y k *o43/i) cLyer4,h-tb
dAy /h
//ci $ /, ,,i

-tt (i4+(y
-Miç &�+43G1)k
-.( 14L1

a cJiy t&J.'ix.

,VOTff 3?. je- ,rf

L

C'-

—

'
I 5%'

—

(b
.

Co/f &TTA5V-8

G J Uee (I(A'4i-ft&L
thqei stH—,tt41.(, Sc4t ft.

PrcI ieA( Af 7.0
1A t1Me (1A

AFCEE FORM BL.G



iL:i

Borehole ID: '(
BORING LOG Sheet_Lof_L

Location

Project Name I Project Number

jo'4-7gp
Drilling Company

(iIler6ED thocsef
Drilling Equipment Drilling Method' I Rorehole Diameter

dm ,-fAt I2'
e

Type_ (1P s4 (c. 5/edY
Sample H mer

T,e Drivine wt.
Location Description (include skctch in field logbook)

LTCCODE (IRPIMS) Site II) LPRCODE (IRPLMS)

I
Ground Elevation Total Drilled Dph 4,
DatelTi Drilling Started Daterri Total Depth Reached

f3.Zt) li/11796 3y4Q
Water Level (bgs)

First Final

Hydrogeologist Checked by/Date

E— o

Description

(Include litltology, grain sice, sorting, angularity, Monseil color name ,
notation, rnineroiogy. bedding, plasticity, dcnatty, consistency, etc., as

applicable)

E L
Rerna,kt

(Include alt sample types & depth, odor,
organic vapor measurements. etc.)
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Borehole ID:

BORING LOG SheetJ_ofJ

LocatiOn

Project Name I Project Number

4CA)cl 5f I 7tO
Drilling d,nipany

ler(3() (o e'
Drilling Equipment I Drilling Method Borehole Diameter

VrPt.'sL1 2
Type o4 Sampling Device

2. / Pj4s4l S/eet't
Sample Hammer

Type A(ffc) Driving wt. a—--- —
Location Description (include sketch in field logbook)

LTCCODE (IRPIMS) Site ID I LPRCODE (IRPIMS)

I
Ground Elevation Total Thilled DepthOh
DateiTim Drillmg Started Date/Ti Total Depth Reached

li/i IT/C /Q:,%
Water Level (bgs)

First Final —

HYdoio?
Checked by/Date

Description

(Include lithology, grain size, rotting, angularity. Munsell color name &

notation, minerology, bedding, plasticity, density, consistency. etc., as
applicable)

,2
C
5.,"' 0

,
E0

b

Remarks

(Include all sample types & depth, odor.
organic vapor measurements, etc.)

':
2 ::
3 — —:
4__,::
56
7——8
9——

—
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BorehoklD:3'ET4?ZO
BORING LOG shccj_ofj_

Lcc.ation.V.,SA
tiame I Project Number+(
Cbspany ller

LTCCODE (IRPIMS)

Ground Elevation

Site ID I LPRCODE (IRPIMS)

I
Total Drilled Depth

o ci.
Equipment

" I silling Method " I Borehole Diameter

eoj9r-p( IL'QC± AL 12"
Date/Ti Drilling Stasled

u/i, 79 i'/- :�
Daseqim Total Dcpth Reached

/1/ilk /c.-io
orampIiisg De Water Level (bgs)

cii/ Pf4ic 5/e(? VC- First Final

Hammer Hydrogeologist I Checked by/Date

Diiving Wt. Drop 13 Al ee/y I
Description (include sketch in field logbook)

'
.5:—

- —
— —
— —

-

6
——

8
——

C..)

I

—

Description

(Inclnde lithology. grain size, sorting, angularity. Munsell color name &
notation, mincrology. bedding, plasticity, density, consistency, etc., as

applicable)

C[yeS/c C5c.)-L!A+ otv€b'
ct4y.4 cl#/y c6ecd

j
C1AyC,-L-i

+boij

ttAy(2.5/)l4hh1 (Z'/,)/t.a..Jb2.%Jcyi4, t4 ,rvrJ &itIle
.

fGfL o4pro6e.4' '-O-1.

E
5•,'

vS

0
6
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k
,

Remarks

(Include all sample types & depth, odor.
organic vapor measurements, etc.)
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BORING LOG

.lL. i..
SI

Borehole ID: 8JETA "fz/
Sheet _4, of j_

AFCEE FORM 13L.O

Location

ProjeCt Name I Project Number

JCv 54c I 77c0
Drilling Co)flpsny I lller

Co.
Drilling Equipment I IIing Method I Borehole Diameter

I
Type of ampiirtg Dev e

2" — I /(4--I1.c Ieeg-c

LTCCODE (IRPIMS) Site ID I LPRCODE (IRPIMS)

I

Ground Elevation Total Drilled Depth

Date/Tim Drilling Started DatelT'mc 7otal Depth Reached

j1tfr IS.k ii/iif'i /SS5
Water Level (bgs)

First Final

o itt I Checked by/DateSample Hydrogcol

Type Driving Wt." Dror (, I'Jfe/)/' I

Location Description (include sketch in field logbook)

,o
—

C

o

Description

(Include lithology, grain size, sorting, angularity, Munsell color name &

notation, mitserology, bedding, plasticity, density, consistency. etc., as
applicable)

2
9
to
to

>,
sa

'5
.C

g
C,)I-

Remarks

(Include all sample types & depth, odor,
organic vapor measurements, etc.)-
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BORING LOG

LocatiWsA
Pr&ect Mime I Project Number

SbAr
Drilling Co)Ipany l)1ler
GEO (-ô- iL1L

Drilling Equipment 1 Drilling Method" I Borehole Diameter

I 1ti°t I z'
Type 01 Sampling Device

)I( . #' / /lA'( S

LTCCODE (IRPIMS) Site II) I LPRCODE (IRPIMS)

i
Ground Elevation Total Drilled Depth

/-:c .
DateiTime Drilling Started Datiltime Total Depth Reached

ii/i/ o:gs-
Water Level (bgs)

First Final

Sample H mer

Wt. Dro
Hydrogeologist

- , Wee/v
Checked

Location Description (include sketch in field logbook)

.5

I Description

(Include lithology, graiti size, sorting, angularity, Murisell color name &
notation. minerology, bedding, plasticity, density, consistency. etc., as

applicable)

2'
.,
U

'3 (-
C

Remarks

(Include all sample & depth, odor.
organic vapor measurements, etc.)
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BORING LOG
Borehole ID:

Sheet J.,.... of..j...

-S

I----

AFCEE FORM BL.O

Location

Project Nime I Project Number

S'Jf I O& F7
LICCODE (IRPIMS) Site ID I LPRCODE (IRPIMS)

I

Dulling Coil(pany
" I DdIler

(9E(,
I Borehole Diameter

;:ct I2t
Type of Sampling Device

2' xCt( t.ti/ p41r Sleeve

led DepthGround Elevation Total Dril

Date/Time Drilling Started Dale/Time Total Depth Reached

ii/,zfqc O,../O
Water Level (bgs)

First Final

Sample 1-lanimer Hydrogeologist I Checked by/Date

Type Avkb Driving WI. Dro B 1'I'eely I
Location Description (include skeich in field logbook)

0
.5

Description

(Include lithology, grain size, torting, angularity, Musnacil color name &
notation, minerology. bedding, plasticity, density. consistency, etc., as

applicable)

2
E
5•.' 0 00

—

Remarks

(Include all sample types & depth, odor.
organic vapor measurements. etc.)
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Borehole ID: BJE'T,4
BORING LOG SheetJofJ

Location

%4/S,4
Proect N e I Project Number

Ios q-?%,
DjjngCotwany I iTler
(zE() CcD.
Drilling Equipment I Drilling F Borehole DiameterIfi,$1 Iz"

LTCCODE (IRPIMS)

Gronnd Elevation

DatePTimeDeilling Started

Sne II) J LPRCODE (IRPIMS)

i
Total Drilled Depth

9;O f-1.
Date/Time Total Depth Reached

,'ôs,o
Type dSampling Devi Water Level (bgs)

' it wI 1214 d1 S /*!C t' First Final
—

Samplc Hanuner 1-lydrogeologist Checked by/Date

Tpe DringWt Drop ,R. f'/ee/1
Location Description (include sketch in field logbook)

0
Description

(tncludc lithology grain size sorting angularity Munsell color name &
notation, minerology, bedding, plasticity, density, consistency, etc.. as

applicable)

su

D

0ra
',
g
L)

Remarks

(Inclade alL sample types & depth, odor.
organic vapor rocasurements, etc.)
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Borehole ID'SA FUI
BORING LOG SheetJ_o -

Location

WThct h/e
Prom Nayie Project NumberTus Mdy IS( 'E7 ?Oo
Drilling Company •Iler

Geo Co.-p

LTCCODE(1RPThS)

Ground Elevation

Site ID LPRCODE (IRPIMS)

Total Drilled Depth

Drilling Equipment I Drilling M od Borehole Diameter

2U
Date/Time Drilling Started

23o
Dale/Time olat Depth Reached

u/zJ9 I? 'Sb
Type o(ampling Dcvice2 L ,J /,47L7 5/eve

Waler Level (bgs)

First Finav'
Sample H er Hydro' logirt Checked byfDate

Type Driving Wt. — Drop ee_Ly
Location Description (include sketc n field logbook)

-r1ep 4cL /9I SAj 7'4
Description 2 Remarkr

. ..o (Include lithology. giam size, sorting, angularity, Munaell color name & 9
.5 notatIon, mincrology, bedding, plasticity, density, consistency, etc., as (Include all sample types & depth, odor,

applicable) organic vapor measurements, etc.)
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BORING LOG

Location

Name Project Number LTCCODE (IRPIMS) Site ID LPRCODE (IRPIMS)54
Company Driller/P-c 'h Ground Elevation Total Drilled Depth

L2-
Eqtnent I Drilling Method Borehole Diameter

75 ]Jfs1- —
of Sampling Device

--'5D"- li+ tcw-C
Hammer

Driving Wt. - Drop - -

Date/Time Drilling Started Date/Time Total Depth Reached/q (:\1 Q57
Water Level (bgs)

First Final

HyrgeoIcgisc
Checked by/Date

O1
Description (include sketch in field logbook)

— —

o
.5

E

0
Description

.
(Include htbology, gram tize. tortrng. angularity, Munsell color name &
notation, mincrology, bedding, plasticity, density, consistency. etc., as

applicable)

iq4/ 94t
52'/z-

, , g
Remarks

(Include all sample types & depth, odor.
Organic vapor mcaasrmnenls, etc.)
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Borehole ID: I
BORING LOG Sheet Iof_L

LocationW sttI a
Project N e I Project Number

icLy I Osc+?eioc
Drilling Company I Driller

GEO C',.',i. If)

LTCCODE (IRPIMS)

Ground Elevation
-

Site H) (I,PRCODE (IRPIMS)

I
Total Drilled Dcplh

7.0 4.
Drilling Equipniet iiliing Met.d ' I Borehole Diameter

V)frtc,fPus4 2"
Date/Tim Drilling Started

li/,z/e 1315$'
Date/Time Total Depth Reached

/4ZS"
Type otamplin Device

(( f ,4S7ti'C Sf€e.h'
Water Level (bgs)

First Final

Sample Hammer

lype Driving WI.
—

Drop
— Hydroaeologis I Checked by/Date

R 4e/ V I
F

Location Deecription (include sketch in teld logbook)

,,

—

''

o

Detcription

(Include ithology, grain size, sorting, angularity, Munsell color name &
notation. minerology, bedding, plasticity, density, consistency. etc., as

applicable)

2
S,'
5,0
'
.5, '.-

Remark,

(Include all sample types & depth, odor,
organic vapor measorements, etc.)
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BORING LOG

L{51

Borehole 10:_3TA92..
Sheet __[_ of j_

LocationI-Thf Ic3
plame I Project Number

St4' IOseg79oo
Company6 I&xI1C4+

LTCCODE (IRPIMS)

GroundEfrvon

Site ID I LPRCODE (IRPIMS)

I
Total Drilled Depth

Equipment / silling MqJod-1 I Borehole DiameteT- ID+ R I 2 Daie!limc Dnlling Scaited

ui/i z/?c / 4 :ss
Date!flmg Total Depth Reached

ufitflc ,
of mplirig Device"f' ii/ P1sc S(ee4..

Waler Level (bgs)

First

Hammer

Dtivjn Wi.

Hydrogeol Checked by/Date

Description (include sketch in rind logbook)2c-r1 41
.5

——
—— —

E E
— —

Description

(Include lithology, grain atse. soTun. ¶luIarii, Munsell color name &
notatton, mmerology bedding plasticity density, consistency, etc.. as

appcable)

ctA—D7

c1Ayy S,ak: (Sclftft4y
((O'ftf7[) -e 1-&c,C7,4,c (ô%md�
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Remarks

alt sample types & depth, odor,
organicvaporrneasurements,ctc.)
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BORING LOG

Location

Borehole ID:

Sheet L.of

-r - • p

Project Name I Project Number

iifi*iiø'ic4aøz' I c9o
Drilling Company I Driller

Drilling .qui(ent Borehole Diameter0 ,
Type of Sampling Dev,ce

/Øc f7ig. -,ç,.,'
Sample Hammer

Type Driving WI. Drop

LTCCODE (IRPIMS) Site II) I LPRCODE (IRPIMS)

I
Ground Elevation Total Drilled Depth

DateIrime Drilling Stasled Date/Time Total Depth Reached

/'?' J1J /3/7
Water Level (bgs)

Firat Final

Hydrogeologist I Checked by/Date

I
Location Description (include sketch in field logbook)

.5

Description

(Include lititology, grain size, sorting, angularity, Munsell coior name &
notation, mirierology, bedding, plasticity, deneity, consistency, etc, as

applicable)

5,,

Sn .5

Remarks

(Include all sample types & depth, odor.
organic vapor measurements, etc.)- —

—
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BORING LOG

Location

Borehole ID: hJP
Sheet

jpp& '.zc
Project Name I Project Number

—

4Th) /&IVI( I,kb,)
Drilling Company I Driller—Drilli Drilling Method

-
I Botchole Diameter' ,czz IR- t 17 '7

Type of Sampling Device

79Y /3€flQ1'
Sample Hammer

Type Driving WI. Drop

LTCCODE (IRPIMS) Sue ID — I LPRCODE (IRPIMS)

J

Ground Elevation Total Drilled Depth

Daterrime Thulling Started Date/Time Total Depth Reached

4,,/q7 / /
WaterLcve1(bgn)

First li/i Final /14
Hydrogeotogist I Checked by/Date

//7JI.9A1k.Z)l
Location Description (include sketch in field logbook)

,
.5

c
Dencnption

.(Include lithology grain size toning angularity Munsell color name L
notation. minerology. bedding, plasticity, density, consistency. etc.. as

applicable) -- -

,i"
C,,

5,,Se0'
•C

0
.

Remarks

(Include all sample types & depth, odor,
organic vapor measuremenla, etc.)
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BORING LOG

::u :t

Location

Borehole ID ________Shcet3r

-2x1E;'7x

I

Project Name Project Nmnber—
I DrillerDrilling Company

od holeDiamterDrilling Eqoilcent Drilling Mcliio ,o Roy I 'M
Type of Sampling Device

LTCCODE (IRPIMS)

Ground Elevation

DatelTime Drilling Staied

?/x-/7 /?3?
Water Level (bgs)

Site ID I LPRCODE (IRPIMS)

I

Total Drilled Depth2 o
Date/Time Total Depth Reached

//W7 /5oc

Sample Hammer

iype DringWt. Drop

First f / Final / 10
Hydrogeologist I Checked by/Date

I

Location Description (include sketch in field logbook)

Description
.0 0

(Include lithology, grain size, sorting, angularity. Manaell color name &
'S o notation, minerology, bedding. plasticity density consistency etc., as

applicable)
.

?Zrf—

as co" LI
in .0 —

LI 3

Remarks

(Include all sample types & depth, odor,
organic vapor mcaauremesus, etc.)
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Borehole1D://i' %?S
BORING LOG Shee1%/of

Location

j .Px qzc—
Name Project Number

-__—_-

2) 4t4 ,47b,5
Company / Driller ir+
uipfenI Drilling Method Borehole Diameter'• ' '°-

of ampling Device

LTCCODE (IRPtMS)

Ground Elevation

Dat/Timc Drilling Stasledyg
let Level (bgs)

te ID LPRCODE (IRPIMS)

Total Drilled Depth

Z&7O
DateiTime Total Depth Reached

4/cfg7 iJop

)( First Final /f7
Hammer

Driving Wt. Drop

Hydrogeologist Checked by/Dale

t77 \//4LfC,1
Descriplion (include eketch in field logbook)

'
.5

—

U

Description

(Include lithology. grain size, sorting, angularity, Munsdfl color name &
notation, minerology. bedding, plasticity, density, coneistency, etc.. as

applicable)

,
L'

g
Remarks

(Include all sample types & depth, odor,
organic vapor measurements, etc.)
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BORING LOG

Ii4:n pf'4e 16:ts 4r',/ 1,;,-bac-c. 1' ;47co

-
— h .&n'•J

Li'. it iz.
f*i4, fl4, .ie,

,n_/e, 'p"•/ *--,,. a-k
lia,I. /sk o q' ,1mea. & 1/

- z2i'
d—'. i5-b hr, .

Location

Borehole ID

Sheet

Projcr* Name Project NumberIdd
Drilling Company

-
I DrillerV-

Drilling Equienl Drilling Method I Borehole Diameter

;f) 5-C)O Ulry
Type olSaanpling Device

LTCCODE (IRPIMS)

Ground Elevation

Dat&Time Drilling Slafled

7J/((47 i35
Water Level (bgs)

Site U) I LPRCODE (IRPIMS)

I

Total Drilled DepthZo
Datetlimc Total Depth Reached

/&/'i.
i4-X First // ) Final

Sample Hammer Hydr eologist I Checked by/Dale

Type Dtivin WI. Drop I
Location Descnption (include sketch in field logbook)

•=
0.

•
I

———
'
u

n:
C.)
So

Description

(Include lithology. grain lice, sorting. angulanty. Munsell color name &
notation, mincrology. bedding, plasticity, density. consistency. etc.. as

applicable)-

.5

"
,
Se

'S, h

Remarks

(tflclUde all sample types & depth, odor.
organic vapor measurements. etc.)I

2 iC

z;

- 2(°
I

',. A4v-d.

c4- ''-'
1J__i_5 e'/I a4. /q 4 7.-q I a..d',ti''i



BORiNG LOG

'-"::t

Borehole ID:/O2
Sheet of _p.

Location

2

—

Project Nrn, bettName LTCCODE (IRPIMS) Site ID LPRCODE (IRPIMS)

Ground Elevation Total Drilled Depth2
Equip en' Drilling Methodi5

of Sampling Devce
— 2 f4 I33 2/i3fc7 L3Date/Time Drilling Started Date/Time Total Depth Reached

Water Level (bgs)

First ///) Final

Hammer

Driving Wt. Drp
Hydrogeologint Checked by/Date

1/'J.i.4.O/1
Description (include sketch in field logbook)

'
'

- -

-

Description

U (Include lithology, grain sizc, totting, angularity. Munsell color name &
ao notation, minerology. bedding, plasticity, density, consistency. etc., as

applicable)— W41 oiP ?tazsiv
#)f /1/ ,*'—l9r cA4/I- hi-i-'-? z—=———-—-'°'

C
>.

0
0 0

Remarks

(Include all sample types & depth. odor.
organic vapor measurements. dc.)



----,

ib.iI. II ti

BORING LOG

ij..jj

Location

Borehole

Sheet__,,.. of

UI444'd'f1Project Name

Numbcr
Drilling Company

/ Driller

Drilling Method

'
Borehole DiameterDrilling Eqwpm ntO 'c'o 14r&'vve. 12

Type of Sampling Device

1y, ,/P/?./
Sample Hammer

Type .— Driving WI. ,..' Drop —'

I

LTCCODE (IRPIMS) Site ID
- -

I LPRCODE (IRPIMS)

Ground Elevation Total Drilled Depth

Datelflme Drilling Started
2

Date/Time Total Depth Reachedi(4 7 / c
Water Level (bgs)

First qz Final

Hydrogeologist I Checked by/Date

I
Location Description (include skctch in field logbook)

o
.5

Description

(luclnde lithology, grain tize, sorting, angularity, Munsell color name &

notation. mincTology. bedding, plasticity, density, consistency, etc., as
applicable)

C>.

,
c0 05 -)

Remarks

(Include all sample types & depth, odor,
organicvapormeanuremeots,etc.)

- — �eM4çl
— — 1 1//#., cpt.,n,1 yLr/4'.- - "S

C.. I, jZ/fl iqk.-e4d" i.'/ ShAJ
1%-4 -n.# lv /

— - t1 fN, i/ij I44
— - D ieMc. rtt ''bfl' ,4V

: i-'W I 4r#/4it t fsr
i"J 1/i4, F

H

'a
-

:

a.-

F;I;4oc Sfov-t}&4ik.
= : U h, . -ti¼.AJ *.

7/N -(-ca ds-k- cr€
• — '1A-k t15e -7.- iv1g&,e

— 7 ',L," 54/f —-&
- I 1" r1': '//- —

!eIi-e '• ''/ ;4f1
: I —

z — -

0

2 2k/Md e-/vn4
3Lq,h

i /
,,S -e 2?-'

j'/o5
.5 J,-n.i

ocIM;'1
,,

t:xt r4Iv4! i'fi."

•

d



BORING LOG

Location

Borehole

Sheet of _,5_

q7L.
Project NumberNameJd€I17 4'7

I DriflerCompany

equipment Drilli gMeth Borehole Diameter

(4,-
of Sampling Device

6et,7/
Hammer

— Driving WI. Drop

LTCCODE (IRPIMS) Site ID LPRCODE (IRPIMS)

I
Grormd Elevation Total Drilled Depth

Zja
Date/Time Drilling Started Date/Time Total Dcpth Reached

Waler Level (bgs)

First Final

Hydro lo at I Checked by/Date

I

Description

'— . c
.5

o

[—-
::

t7EHH

(include sketch in field logbook)

Description

(Include lithology. grain size, sorting, angularity. Mrsnsell color name
notation, minerology, bedding, plasticity, density, consitrency, etc.. as

applicable)

/1-vs9S' /. i%La

'S' rs.rS /,/__I,_r',.s s*.'-i.'. % 'v
tx;'S.

- ie &/.*d
'.-/. q,(

5.,E as5.0'
r5 ,_t
D

E
(1
Eo

n

Remarks

(Include all sample types & depth, odor,
organic vapor measurements, etc.)'

L
:

r-E-

riL_

f;4,/,
'_' C/,'i s-i

—.____________
(



a-

5'

BORING LOG

Location

Borehole ________
Sheet of

Project Name Project NumbcrL*g' 11' LTCCODE (IRPIMS) Site ID LPRCODE (IRPIMS)

Drilling Company Driller

Drilling quipnlt lung ethod Borehole Diameter

/57 7/
Type of Sampkng Dcvice

Ground Elevation Total Drilled Depth

DatePTime Drilling Started Dat ime Total Depth Reached

/5�2S
Water vel (bgs)

J/X /fy9_• 4,g-/ First Final

Sample Hammer

Type
'

Driving Wt. " Drop
Hydr cologist Checked by/Date

--- -
Location Description (inclode sketch in field logbook)

— —

t_)

Dccription

(Include lithology, grain size, sorting, angularity. Monsell color name &
notation, minerology, bedding, plasticity, density, consistency. etc., as

- - -
applteable) -

,, Remarks

(Include all sample types & depth, odor.
organic vapor measurements, etc.)

to—-

:

)——

—-—

w6' . ci1f -cr-c ii6
fW4f '1' " c:/,ni



I

I

I—',

i•

BORING LOG

fl:: ::

Location

Borehole lp:
Sheet of

Project Name I Project Numberk2�4q
Drilling Company I Driller4ILS- I2o7'-
Drilling AuipmYnr DcjJing Method I Borehole Damelcrp '5 I
Type orSampling Device/j')( 'e L?'

Sample Hammer

Type DrivingWt. ..— Droi,

LTCCODE (IRPIMS) Site ID LPRCODE (IRPIMS)

I
Ground Elevation Total Drilled Depth

2X'
Date/Time Drilling Started Date/Thnc Total Depth Reached

. ,-
Water Lovel (bgs)

First 42 Find

Hydro logist I Checked byfDste

Location Description (include sketch in field logbook)

.=
D

:
c

Description

(Include lithology, grain cisc. soling, angularity, Monsell color name &
notation. rmnerology, beddsng, plashedy, denady, conststency, etc.. as

applicable)f4 5r.' ii/12i
'v
Q

°
.

g

0

Remarks

(Include all sample lypen & depth, odor,
organic vapor measurements. etc.)

3 ,

liii——

-

:

HH

-

:

zLL_

A ai s'vJ '7'aa 'V'
hMltbô, c'Y '-II

de

l/1.

-
%- 2_/,q/q? -' '-' '



BORING LOG

Location

Borehole _______
Sheet .E of.5

4

/iJP q
I Project NumberProec* Name

Drilling Company ''r
Dling1n11mg Method Borehole Diametero
Type of Sampling Device

LTCCODE (IRPIMS) Site ID I LPRCODE (IRPIMS)

Ground Elevation
- -

riuIedDcpIhDateFTi c Drilling Started ime Total Depth Reached/
Water Level (bgs)

Sample Hammer

Type Driving Wi. Drop

First Final '7Z
Hydroologist

j
byaIe

Location Description (include skeich in field logbook)

5.,b

i 0
o

Decripiion

(Include lithology, grain tize. toning, asgolanty, Munsell color name &
notation. minerology. bedding, plasticity, density. consistency, etc., as

applicable)

S4SG*'a-, 1-4:..'l(

E>
un
en
U1
D

5.,
so0'

E.
0

(a-•

Remarks

(Include all sample types & depth, odor.
organic vapor measurements. etc.)

.

-E-

7--

HH

LL— —

'-

So'ie & c.

-rp23'



WELL CONSTRUCTION DETAILS AND ABANDONMENT FORM

FIELD REPRESENTATIVE: /17J(riSO I
DRILLING CONTRACTORJ
DRILLING TECHNIQUE: 4iV
AUGER SIZE AND TYPE: ____________________

BOREHOLE IDENTIFICATION: 9,'
BOREHOLE DIAMETER: T7 ',.
WELL IDENTIFICATION: t-'---"') :7::x;—
WELL CONSTRUCTION START DATE: 2/,/47
WELL CONSTRUCTION COMPLETE DAT: /,/72
SCREEN MATERIAL: -
SCREEN DIAMETER:
STRATUM-SCREENED

CASING MATERIAL:
CASING DIAMETER:

INT'ERVAL (Fr):

/7LP i-/(,J/

TYPE OF FILTER PACN: _____________________
GRADIATION: //3'O
AMOUNT OF FILTER PACK USED: 77 S2>- <-
TYPE OFBENTONITE: Z4'A j-?,r)
AMOUNT BENTONITE USED:

TYPE OF CEMENT: 7ii3 /qr
AMOUNT CEMENT USEt): / G S
GROUT MATERIALS USED: 7' ,-.—_/

DIMENSIONS OF SECURITY CASING: 77 "
TYPE OF WELL CAP: I - Pi LX
TYPE OF END CAP: 1'hJ4i2iD

COMMENTS:

— SPECIAL CONDITIONS
(describe and draw)

SCREEN
LENGTH

SAND CELLAR
LENGTH(,—

CASING LENGTH ABOVE GROUND SURFACE _____________

PIMENTION OF CONCRETE PAD X 4'

GROUND SURFACE (REFERENCE POINT)

DEPTH TO TOP OF BENTONITE SEAL 77

DEPTH TOTOP OF FILTER PACK____________

DEPTHTOTOPOFSCREEN___________

END CAP

DEPTH TO BASE OF WELl 2"2 S

NOT TO SCALE

INSTALLED BY: L1)r# INSTALLATION OBSERVED BY: _____

I -;- /
DISCREPANCIES: L.ij - .,,. ,'. ..-'_' 2i

AFCEE FORM WAA.O

WELL CAP SECURY CASING

LEGEND

GROUT

BENTONITE SEAL

tEI FILTER PACK

BOREHOLE DEPTH _______________



iL. I:: 1L:.

WELL CONSTRUCTION DETAILS ANI) ABANDONMENT FORM

FIELD REPRESENTATIVE:

DRILLING CONTRACTOR r'S
DRILLING TECHNIQUE: - —
AUGER SIZE AND TYPE: _________________

BOREHOLE IDENTHCA11ON:zZ'PX 72'
BOREHOLE DIAMETER: 7 '1
WELL IDENTIFICATION: Ijiji'X

WELL CONSTRUCTION START DATE: _________
WELL CONSTRUCTION COMPLETE DATE: j, / q

SCREEN MATERIAL: -
SCREEN DIAMETER: ____________
STRATUM-SCREENED INTERVAL (Fr):

CASING MATERIAL:
CASING DIAMETER: /,,

TYPE OF FILTER PACK: -.,/,tjE.)
GRADIATION: /1
AMOUNT OF FILTFR 'ACK USED: i2O — L.5

TYPEOF BENTONITE: //� /1'(/'/'. IY
AMOUNT BENTONITE USED: / jS

TYPE OF CEMENT: Z/tZAMOUNT CEMENT USED: 2 / A c
GROUTMATERIALS USED: /'7} Is

DIMENSIONS OF SECIJR!TY CASING:

TYPE OF WELL CAP: —
TYPEOF END CAP: i4j i T) )

COMMENTS: '—7'/2 5i. --e C"�t /7c) -r /' 2
r 1

IN STALLED BY:

I .1

______

_________
... ...
S.. '•S..— f• _______ __________S..— ••
.5. — .5...— ,.
.5. — S.

•:— :•

5••••••

INSTALLATION OBSERVED BY: f £'t2.cpi J

DISCREPANCIES:

AFCEE FORM WAA.O

SPECIAL CONDITIONS
(describe and draw)

WELL
- p

SECURITY CASING

U CASING LENGTH ABOVE GROUND SURFACE _____________

.—DIMENTION OF CONCRETE PAD X '—I

GROUND SURFACE (REFERENCE POINT)

LEG END

GROUT

BENTONITE SEAL

FILTER PACK

DEPTH TO TOP OF BENTONITE SEAL I ' 2

DEPTHTOTOP OF FILTER PACK____________

DEPTHTOTOPOFSCREEN 1k-

END CAP

DEPTH TO BASE OF WELl 2

BOREHOLE DEPTH 2—) (-

NOT TO SCALE

SCREEN
LENGTH

SAND CELLAR —
LENGTH



November i9'tr,
Carswell Background Study - 05G47900
Well Type (circle one) Flushmount
Well Mateflal (circle St. Steel

Well Integrity; (I

/ Weather ILe
PURGE DATE: 3//'i7

PURGE VOLUME:
Casing Diameter (inches):

Water Depth (ft. BTOC):

Casing Depth (ft. BTOC):

Casing Depth (corTected):

;:M. LR:

if 2./ Slope
2 Keck Slope

(+09 feet for Keck)

Other Time: O•/f+O

F é-f(J4e
L..%(1cj

Round '1

Well Number: _________
HNu B.clcgràimd:

HNuWs1Uied: O-3
HNuBreethlngZcn.: ____________

-

One Purge Volume: Gallons

PURGE TIME:
Start ______
Stop ________

Total elapsed minutes

PURGE METHOD:

1.88 - rich Teflon bailer

Bailer type:
Grundfos

Dedicated Triloc

Other:

IMMISCtBLE PHASES

(Int.d.cs Prob.9nly)
Non. DSt.cted V

ONAPI

INAPt.

Depth to Top (ft.) _____
Depth to Bottom at.) _______

Thk1u.u (ft.) ______

GROUNDWATER SjMPUNG DATA S'4EET

Sampled By: /
— . __.J . _wELLGINo: :...

2.'. -

Conversion Factor,
2 lotted. 40 -.183 gaIJft.

4sch.d40-.853aa1Jft.
4 ached. 80 • .574 galift.

rsch.d.eo —.92OgsIJft.

Time of last calibration: '>0
___________ FIELD PARAMETER MEASUREMENT

Time of
Measurement

Vol.
Purged

Temp
C

pH Cond, (ATC) Turbidity 0. 0.
jmMbos/cm) rng, (mg/L)

0 L?
O.'1l7 0 1.??
&Lt.1l.,0,i-

Color Odor Comment,

(O L1±-QS[7 r'-- c4OJ-(f?4'oc.
(O 2O r'-'-t. CJ,LT /(97 ic

Ac-".Q SrJ. (iL:' (L47 bI,L ?. 17
&J&(L'I. 1i.v*4

, t_ Total Purge Volume •individual volumes, not cumulative

o- .fu
-

WELL SAMPLING

SAMPLING METHOD (check one)
1.88 inch T.Iton bailer Bottom-Emptying /JA

Sampi. Oat.: ( ., St: /A2�
Dedicated Triloc pump Device li VOCs?
Other

Sample Time: ( 2 o FInIeh: 2—

Sample No. VolumeiCont. - Analysis Requested Preserv. Sample ID OC? Comment,

CL'Z --A I3c VL. -s
?3.20

/SO1.
JJ&fcJ.Ci
tJIX j2.c-c,i ,'.

QUALITY CONTROL SAMPLES Additional comments: 3).- , j, cL
.

Ambient

SAMPLE ID C-of-C

Blank - -
g ,
Pi1c.4.c I, . -c.c ?" W-k. /E -- /I-f.s-4t /I1-'.Duplicate -

Equipment Blank

jp Blank -
,

Recorded by: ¶'ci,, -t

—
JACOBS ENGINEERING GROUP INC.



riPE -- .I SAMPLE ID

IMMISCIELE PHASES:

(Interface Probe Only)
None Detected

DNAPL

LNAPL

Depth to Top (ft.) __________
Depth to Bottom (ft.) __________

Thickness (ft.)

_t
November19
Carswell Background Study - 05G47900
WdType (cirduon.) FIusNno
W.1Mat.dal (cdson.): St. Steel

Wtsg*y . '.'
GROUNDWATESAPVPLING DATA Round 1

W.ath. ',t1)5/SQ

Well Number:
HNu Background: (J

H Nu W&Ih.ad:

HNu Breathing Zone: ()

C4L) 1f7_

PURGE VOLUME:
.sfr,g Dm.t.r (moMs):_____
WatsrDspthLBTOC): /1317 )Slop.
Casing Dspth (It. BlOC): 230 K.ck Slope

Cuing Depth (ool1.ct.d): (..09 f..t for Keck)

On. Pueg. Volume: Gallons

Other

Other ________
Time:_____

PURSE TIME:
Start ___
Stop L4

Total slapsad minutse.

Conversion Factors
2 sched. 40 • .163 galift.
4 schsd 40 .553 gal/ft.

4 sched. 80 .574 gal/ft.

5 sched. 80 .920 gal/ft.

PURGE METHOD:

I .88 - inch Teflon bailer

Bailer type:

Grundfos

Dedicated Triloc

Other:

T

Thne ci
M..sw.m.nI

hER MEASUREME

TbT*oilutcaibr.tlon:______
Vol."
Purged

Temp pH Cond. (ATC) Turbidity
(mMhoslcm) mg/L

0.0.
(mg/L)

11

Color Odor

I
Comments

/4(1 80 1 1 Oj.t flO.L t\oüj.L: W6. J-O2. j
1g21 So 7J7 O" 0

. ': O•S�0 0 4.O2.,:,
Total Pusg. Volume "Individual volumes, not cumulative

-r

I
WELL MMPLIN ii

SAMPLING THOD ) Sample Date /çJ9 7
Bottom-Emptying Start: I S: ,c

Tfllocpump D.viceforV0Cs7 I N SamnplaTime: p5.. 3( Finish:

•Oths:-
Samps No.'- Volume/Cont. Analysis Requested Praserv. Sample ID DC? Comments

—_______--:
.

.

T

QUAUTY CONTROL SAMPLES

T

T
I

AmbIent Bnk'
Dupcst.
Equlpm.t*alit '-- :
Ttlp Blink

Additional comments: PI'.2 t.t 1PV (&kK)

T
a

R.cord.d by:

T

¶

JACOBS ENGINEERING GROUP INC.



MMIsCIRLE PHASES:

Non.d.di K
LkAPL_____

Depth to Top (fL).______
Depth to Bo4tofl )-______

Thklcn.. ;'________

JACOBS ENOINEERING OROUP INC.

November 19
Carswell Background Study - 05G47900
Well Type (circl. on.) Flushmo4jnt
Well Mitenal (circle on.): PVC

Will (ntegnty: 01d
,jf.

GROUNDWATER'SAMPJNG DATA SItE1

W.ather: Q, c/ c#-[ SO.s

Round 1

Samp$.d By:

Well Number
HP4u BuidO.

HNu W.lhá.C; ______________
HNoBr.sthkigZoni:.

?'—'
3 t)

PURGE VOLUME:
Casing Diam.ter (inches): _______________

Water Depth (ft. BTC)C): fJ

Casing Depth (ft. BTOC): /'t-Z

Casing Depth (corTected):

One Purge Volume:

PURGE TIME:

Start ____
Stop _________

Total elapsed minutes

!Ccnv.tsIon P.0*Oq.

Tim.: O?oc

'2.chsd1O.163g.IJft.
53 gaIJR.

4..&sdeo —:574 .IJft.

s':ecs.d;eo L 920 g.&Ift.

Kick Slope Other

Kick Slope Other

(+09 feet for Kick)

Gallons

PURGE METHOD:

1.88- inch Teflon bailer

Bailer type:

pç Grundfos
Dedicated Triloc

Other:

Time or last calibration: I 0i
FIELD PARAMETER MEASUREMENT

Time of
Measurement
,i_ .' I
I '-.J U

Total Purge Volume individual volumes, not cumulative

SAMPLING METHOD (check one)

1.88-inch Teflon bailer Bottom-Emptying I
Dedicated Triloc pump Device for VOCs7 —'ti' N
Other

..

Sampi. Det.: rn ?
. Start,

Sample flm.: (gSO 'nni.k._________
.,

Sample No, VolumelCont, Analysis Requested Pr.seiv. Sample ID CC? Comments

c4 -rL& ii_ &�i X&ciei ..Jh7C I l'-i f?c4.. i>2jA'1Ci-OI

QUALITY CONTROL SAMPLES

TYPE SAMPLE ID C-or-C

Additional comments: cfl

uw' ft'.cd-& jica
c- ies-- r-

. .; . - -

R.cord.d by: U-

Ambient Blank -

Duplicate -

Equipment Blink •

np Blank -



Round I
Well Number: XU-32-l.tciz.

HNu Background: ____________
HNuWslhisd: ,

HNuBre.thlngZon.: 0.8
/ 'f(tE(V

I

PURGE VOLUME:
Casing Diameter (inches): _______________

Water Depth (ft. BTOC): '- 2. 4 4j) Slope
Casing Depth (ft. BTOC): Keck Slope

Casing Depth (corTected): (*09 feet for Keck) ,L i3d'
Gallons

PURGE METHOD:

1.88 - inch Teflon bail.,

Bailer type:

Grundtos

Dedicated Triloc

Other:

IMMISCIBLE PI4ASES:

(lntecf.ce PrObe Only)

Plan. Dat.ct.d
DNAPL

LNAPL

Depth to Tap (It.) ______
Depth to Battoer t) __________

ThicImes, fl) ______

November 19f,
Carswell Background Study - 05G47900
Well Type (circle on.) Flushmount (ku
W.lI Material (circl, one): PVC

Well Integrity: GocA - t (1

GROUNDWA1 SAMPLING DATASH'ET

Weather:
iC 'sip L.)ef(.

c k (3c/e-;)h'ep Sampled By: _____________

PURGE DATE: //e7 7 _____________

Other

Other ,etd /UIC5t

Canversion Factors

On. Purge Volume:

PURGE TIME:

Start _____ (
Stop (037

Total elapsed minutes

Time:

T ached. 40 — .163 galift.

.rschedlo .GS3galJft.
4sctied. 50 — .574 galJlt.

5" ached. 50 .'.92OgaLM.

Time of last calibration:

T

T

T

T

-E

I

Time of

OoS

Vol.
Purgedr4

Temp
-

C
pH Cond. (ATC)

(mMhos/c
TurbidityL D. 0.

(mg/L)
Color Odor Comments

1
(...... 4?, iL -

S;_ 0
9__P$L..

O. '- '/c.c/c,5 'l
LS--'- i

).. ii.'i 72
(Dcc
ic37

H° )L1a._
l.l-Ao Total Purge Volume "Individual volumes, not cumulative

— WELL SAMPLING

SAMPLING METHOD (check one)

1.88- inch Teflon bailer Bottom-Emptying isi'
Dedicated Trilec pump Device for VOCs? —V fJ i4j
Other

Sample Date: 3/c (I
Stilt (j :

Sample Tim.: cC Fkh:.

Sample No, Volume/Cant. Analysis Requested P,.s.rv. Sample ID DC? Comments I

OUALITY CONTROL SAMPLES Additional comments: 1*2 i S 3
j L, c, -riPE SAMPLE ID C-of-C

Ambient Blank

Duplicate

Equipment Blank .

Trip Blank -

.

.

Recorded by: ScL. k ,.Q 1

I
I
T
I

I
I

JACOBS ENGINEERING GROUP INC.



(+09 feet for Keck)

PURGE METHOD:

1.58 - inch Teflon bailer

Bailer type:

Grundfos
Dedicated Triloc

Other: Dc4& (>4

IMMISCIBLE PHASES:

(Interface Probe Only)
None Detected __________

DNAPL

LNAPL

Depth to Top (ft.) _________
Depth to Bottom (ft.) __________

Thickness (ft.) ___________

Tim. of
Ms.sursm.

.
nt

Vol.
Purged

T.mp
C

pH Cond. (ATC)
(mMhos/cm)

Turbidity D. 0.j!g Color Odor. Comments

i.cpe, . k )i3 IQ .L'O__ LIc tJi1
— 5A5

L/_
lc'D 7,Oi O52O_ 3 --- VSLI -cL-_ .

• 3c Total Purge Volum.
-

•individual volumes, not cumulative

SAMPUNETHO?(ch.ckone)
1.18-Inch Teflon bailer

D—". $—d Triloc pump

Oth

/L.

Sample Time:

,47
Bottom- Emptying

Device for VOCs? ..—T' Finish:

Samp. No. VolumslCont. Analysis Requested Preserv. Sample ID 0C? Comments

(LR.AlS84OJ EL/ jPJ
c.-$s•e,-?o( J7.?is 32fi

QUALITY CONTROL SAMPLES

rtPE SAMPLE ID C-of-C

Additional comments:

Ambknt8nk -

Duplicate .Eqpm.
dpBIszik. t - Record.dby:

Sample Date:

-.-'. -*..
November

—

GROUNDWATR'Ai1 1 DATA Round I

Carswsll Background Study - 05G47900 Well Number: Qvo S
Wd Type (cd en.) Fkashmount HNu Background: _______________
W.U Matsil.I (*ols ons) St. Steel HNU WeIthead

wd I t --i4 pj4o HNu Breathing Zone:

-joj (.
W..th. ?OT Sampled By

- ' j-i-, — - - ____
'> - -

WELL PURGING
--

-- —
PURGE DATE: 3//

PURGE VOLUME:
CulngDtam.ter nchee) _______
Water Depth CL BTOC): K.ck Slope

Citing Dspth (IL 8TOC): Kick Slope

Citing Depth (ccrisct.d): ??tc
On. Purge Volum.: Gallons

Other Time:

Other

Conversion Factors

PURGE TIME:

____
Slop-__

Total .lapn.d ______ mlnut.s-

sch.d. 40 • .163 gal/ft.
4 sch.d 40 — .653 gaIJtt.

4 sched. 80 = .574 gal/ft.

5 ached. 80 .920 gal Mt.

*-W2; PARAMETER MEASU4M!NT -

—

- 3

JACOBS ENGINEERING GROUP INC.



March1997

Carswell Background Study - 05047900
Wall Type (circleone) Flushmount (I)
Well Malarial (circleone)() St. Steel

Well Integrity:

PURGE VOLUME:

Casing DIameter (inches): 171-

Waler Depth (ft. BTOC): JpZ%L ) slope
Casing Depth (ft. BTOC): 5 Keck Slope

Casing Depth (corrected): (.09 feet for Keck)

One Purge Volume: Gallons

PURGE METHOD:

188 - inch Teflon bailer

Bailer type:__________

Grundfos

Dedicated Triloc

Other:

FIELD PARAMETER MEASUREMENT

IMMISCIBLE PHASES:

(Interface Probe Only)

None Detected >(
DNAPL

LNAPL

Depth to Top (ft.)

Depth to Botlom (ft.)

Thickness (ft.)

YLT, .. -
GROUNDWA71ERSM1LING DATA HT

Weather: "Y

Round 2
WJEPX925Well Number:

HNu Background:

NNu Wellhead:

HNu Breathing Zone:

Sampled By: jAl ee/, W5cW. F
WELL PURGING : . : :. :

PURGEDATE:

o

Other

Other

ConversIon Factors

PURGE TIME:

Start

Stop

Total elapsed

Time: C5O

IL5
minutes

2 ached. 40 — .163 gal Jft.

4 ached 40 — .653 galJft.

4 sched. 80 = .574 galAt.

5 sched. 80 .920 galift.

Time of last calibration: C 9't) '

Time of
MeasuremenL

O2o/Oo-T
Vol.

Purged

/oo

Temp
C..L

/d/?

pH Cond. (ATC)
rnMbpcpL

Turbidityfig4 D. 0._(1 Color Odor Comments
..7'2-& c/

,vcie

f/7 '.
7,34c/ 0

2.53 c/ //'2-.
/ 0/0 /00 O.3 & ,YL. //. c)

300 Total Purge Volume individual volumes, not cumulative

WELL SAMPLING __________

Sample No.

= —A /L'5o

SAMPLING

)(
METHOD (check one)

1.88 - inch Teflon bailer

Dedicated Triloc pump

Other

Sample Date:

Sample Time:

3 / / ?/

/

9' 7
Start:

Finish:

- - —

/ -/ C
/ C.S>

Bottom-Emptying

Device for VOC's? Y

VolumefCont.

C?-4 / e/L ;'

Analysis Requested

,/_x /-i
11/S. /

Preserv. Sample ID DC?

W&K 2-<

QUALITY CONTROL SAMPLES

Comments

TYPE SAMPLE ID C-of-C

Ambient Blank

Duplicate

Equipment Blank

"-1(Trip Blank

Additional comments:

Recorded by: ,A/- y . jo/vs.'J
JACOBS ENGINEERING GROUP INC.



Conversion Factors

PURGE TIME:

Start C3
Slop

Total elapsed minutes

Time of last calibration: OS S0
Time of Vol. Temp

- Measurement Purged -o3 _77 c74

PURGE METHOD:

—1,88 - inch Teflon bailer

Bailer type:__________

Grunctfos

Dedicated Triloc

Other:

-
jjTP/9-cz

2 ached. 40 .163 gaIJYL.

4 sched 40 .653 gal/fl.

4 ached. 80 .574 gal/ft.

5 ached. 80 .920 gal/fl.

IMMISCIBLE PHASES:

(interface Probe Only)

None Detected

DNAPL

LNAPL

Depth to Top (ft.)

Depth to Bottom (ft.)

Thickness (ft.) ___________ 1

March 1997

Carswell Background Study - 05G47900
Well Type (circle one) Flushmount up
Well Material (circle one):() St. Steel

Well IntegrIty:

GROUNDWAtER SAMP-LlNG DAT F4E€1 Round 2

WJEPX926Well Number:
HNu Background:

HNu Wellhead:

HNu Breathing Zone:

Weal her: CecALt4152F SampledBy: t\JJ/::-
.•. ..• ..::::..•

.
ELLPURGN •. .:

.

PURGE DATE: 3/2C/7

S

PURGE VOLUME:

Casing Diameter (inches): L1t.
Water Depth (ft. BTOC): ,LL]• Slope 01

Casing Depth (ft. BTOC): eck Slop Other

Casing Depth (corrected): _______________ (+09 feet for Keck)

One Purge Volume: _7 '7' Gallons

TIme: 2? ,

ii

FIELD PARAMETER MEASUREMENT

(,-;,417

pH

7c
7OI/I)-

Turbidity D. 0.
(m&L)

ColorCond. (ATC)
_(hosicrn)

i.'/ ,—:—
OdorI l Comments

,- I,,/ Aj'L't'I

WL )Z!.&5 tc,.
,/j_2 Ii,____

SAMPLING METHOD (check one)

1.88-inch Teflon bailer

___________ Dedicated Triloc pump

Other

Total Purge Volume "Individual volumes, not cumulative

_______________ WELL SAMPUNG

SampIeNo. -

- c£Aj2I�O —

Bottom-Emptying

Device for VOC's? V c) —

1

Volume/ConI. 4 Analysis RequesledLJ.L LIL -_____/- ipy_ J'T
Preserv.

Sample Dale: 3/zJC1 ''
FStart: /o O

SampleTime: /OZ Finish: /030

'1
Sample ID OC? Comments

1

QUALITY CONTROL SAMPLES

TYPE SAMPLE ID C-of-C

Ambient Blank ___________

Duplicate _____________

Equipment Blank ___________

Trip Blank

- -------
I

AddiIionalconlrnenls:P,/r:e I
'— ,

Recorded by:,J.j sj -- ______________
JACOBS ENGINEERING GROUP INC



— Keck Slope

Keck Slope

_______________ (*.09 feet for Keck)/0 C) Gallons

March 1997

— CarsveiI Background Study - 05G47900
Wall Type (circle one) Flushmount (jkj)
Well Meterial (circle one:!.) SI. Steel

Wall Integrity: (9oo d

.JL.. .. •*. I
GROUNDWATER SAMPLING DATA SHEE1 Round 2

RUDYSWELLWell Number:
HNu Background:

HNu Wellhead:

HNu Breathing Zone:

Weather /-f 4 - Sampled By /\/e' iv ..Tp1 ,1Sc'./

____________ WELL_PURGING ____________ __________-:-,.->:-:-:-:--:--:-.----'-------------

PURGE DATE: 3/1c Jc17

PURGE VOLUME:

Casing Diameter (inches)

Water Depth (ft. BTOC):

Casing Depth (ft. BTOC):

Casing Depth (corrected):

One Purge Volume:

PURGE TIME:

Start /33/
Stop

Total elapsed

Other

Other

Time:

Conversion Factors

2 sched. 40 • .163 gal/fl.

4" ached 40 • .653 gal/ft.

4 ached. 80 .574 galJIt.

S ached, 8.0 .920 gal/ft.

minutes

PURGE METHOD:

1.88-inch Teflon bailer

Bailer type:__________

Grundfos

Dedicated Triloc

Other: /7S

Time of
Measurement

IMMISCIBLE PHASES:

(interface Probe Only)

FIELD PARAMETER MEASUREMENT

Time of lasI caliLrahon. ______________

Vol.'
Purged

Temp
"C

-
.,/3 S7

pH

OOI, I 9

None Detected

DNAPL.

LNAPL

Depth to Top (ft.)

Depth to Bottom (II.)

Thickness (ft.)

Z3O
Turbidity

ma/I.

//i)

Cond. (ATC)
irnMhoS/crni

0.526
. S7(,

D. 0.
(ma/I.)

leiS

75-.
—JO

Color

/, 72

Odor

LfJ1
2.('o ( /•'r—

Comments

,,Jc ,ic.

3o 0 Total Purge Volume *lndividUal volumes, not cumulative

WELL SAMPUN
SAMPLING METHOD (check one)

1.88-inchTeflonbailer Botlom-EmpMng

DedicatedTrilocpump DeviceforVOCs? V ) j
Other

Sample Date J( /J', 7-
start: /9O

SampleTime: /'-,,'O Finish:

Sample No. - Volurne/Cont. Analysis Requested

C P-Ai/S03, 2 IL
/-(G4(Iy 3L5i..5

Preserv. Sample ID -- Comments

- iiSog -- -
L'DPi-.)ELL -

QUALITY CONTROL SAMPLES

TYPE SAMPLE ID C-oF-C

Additional comments:

Ambient Blank -

Duplicate - cPAiIIc,it/
quipment Blank -

Trip Blank - Recorded by:

JACOBS ENGINEERING GROUP INC.



April 1997
Carswell Background Study 05G47900
Well Type (circle one) Flushmouni Stickup

Well Meterial (circle one): PVC St. Steel

Well Integrity:

Well Number:
HNu Background:

HNu Wellhead:

HNu Breathing Zone:

WELL PURGG . . •••. •E.
PURGE DATE:

PURGE VOLUME:

Casing Diameter (inches): _______________

Waler Depth (ft. BTOC): /p1( Keck lope her

Casing Depth (ft. BTOC): Keck lope Other

Casing Depth (corrected): _______________ (.09 feet for Kock)

One Purge Volume: Gallons

Time of last calibration: t 7 00

Ambient Blank

Duplicate

quIpment Blank

..1(TriP Blank

IMMISCIBLE PHASES:

(Interface Probe Only)

None Delected

DNAPL

LNAPL

Depth to Top (ft.)

Depth to Bollom (ft.)

Thickness (ft.)

GROUNDWATER MI1NG DATA S1{EET1

/
Weather:

Round 3
WJEPX925

Sampled By: 4,'J 12j..j

Time:

Conversion Factors

PURGE TIME:

Start ____
Stop

Total elapsed minutes

2 sched. 40 • .163 galJ!t.

4 ached 40 — .653 gal.1'l.

4 ached. 80 • .574 galfll.

5 ached. 80 .920 galift.

PURGE METHOD:

1.88 - inch Teflon bailer

Bailer type:____________________________

Grundfos

Dedicated Triloc

jher: 1AcJeF...
FIELD PARAMETER MEASUREMENT

Time of
Measurement

Vol.ged Tmp
C

pH Cond. (ATC) TurbiditygL D. 0. Color Odor Comments
____________________

175
- ZcS

I Ltdt.O I o.'+sg 0 /.éc ce
I J7 1 /. 2 l

z$ LL2. 7.11 O'I57 p /.F2.

Total Purge Volume Individual volumes, not cumulative

WELL SAMPLING ______________________ ____
SAMPLING METHOD (check one)

1.88 - inch Teflon bailer

Sample Date: 4Ljj7
Start:Botlom-Emptying

X

Dedicated Triloc pump

Other

Device for VOCs? V j J Sample Time: ...J.8..3i. Finish:

Sample No. Volume/Cont. Anatysis Re.quesled 1Preser,....... Sample ID DC? Comments

-4t7p( -
Mr8of

!xJLe. IBl
¶W9±5 W7O kzS-'3

QUALITYCONTROLSAMPLES

TYPE SAMPLE ID

-

I
-

C-of-C

-

Additionalcomments:

—- -

- -

O.J+ p4 e,4
31fi

Recorded by:

JACOBS ENGINEERING GROUP INC.



April 1997
Carswell Background Study 05G47900
Well Type (circle.one) Flushmount Stickup

Well Material (circle one): PVC St. Steel

Well Integrity: ______________________________

Weather:

PURGE VOLUME:

Casing Diameter (inches):

Water Depth (ft. BTOC): 111.7

Casing Depth (ft. BTOC): Q_
Casing Depth (corrected'): —

One Purge Volume:

PURGE TIME:

Stan O750
Stop ,jf-

Total elapsed 2-f- minutes

SAMPLING METHOD (check one)

1.88-inch Teflon bailer

___________ Dedicated Triloc pump

Other

Sample No. ____

Ambient Blank _____________________ -

r)uplicate W5EPX.2J....bF -

Equipment Blank

Trip Blank

-.

GROUNDWATER SAMPL1N DATA SHET

KecK SIope) Other

Keck rnope <SI) gec,ecLc
(+09 feet fo Keck)

Gallons

PURGE METHOD:

1.88 - inch Teflon bailer

Bailer type:______________________________

Grundlos

Dedicated Triloc

V Other: _____________

IMMISCIBLE PHASES:

(interface Probe Only)

None Detected M14

DNAPL

LNAPL

Depth to Top (Ft.)

Depth to Bottom (It.)

Thickness (It.) ____________

Round 3

WJ EPX 926Well Number:
HNu Background:

HNu Wellhead:

HNu Breathing Zone:

A4e/ie .J'btlPoPISampled By:

1

..-—. /
WELL PURGING

PURGE DATE: —
ConversIon Factors

TIme:________

2 sched. 40 = .l63galJft.

4 sched 40 653 galift.

4" sched. 80 .574 gal/fl.

5 sched. 80 .920 gal/fl.

Time of last calibration: _____________

FIELD PARAMETER MEASUREMENT

Time of
Measurement

Vol."
Pured

Temp

O.15S
0801

o. a
O2

1

1

11

1

11

1

p

L9
pH

8.14L

7.
_7 2-

Cond. (ATC)
pMhpcrn)_

O.S53
0555

ColorTurbidity

0
a

0.0.

.O3

2.!

Odor

1I

I,

Comments

'I

a 2.32
I,
U

1.0 Purge Volume individual volumes, not cumulalive

___________________ WELL SAMPUNG

11

II

-n

— Volume/Cont, - — J Analysis Requested Preserv. Sample ID

QUALITY CONTROL SA4PS

WP)(Z-b •

Comments

TYPE SAMPLE ID C-of-C

OC?

H 1

Additional comments:T11jjeA, Cdfit4.

Recorded by: Nee/; —

JACOBS ENGINEERING GROUP INC. —



'LLJ. i •t :.;
April 1997 GROUNDWATER SAMPLING DATA SHEET

CarsweII Background Study - 05G47900
Well Type (circle one) Flushmount Stickup

Well Matenal (circle one): PVC St. Steel

Well Integrity:

Weather: J9 $L1° inpledBy: ,A/Qe/y
WELL. PURGING . . . .:

PURGE DATE: ___________ _____________

PURGE VOLUME:

Casing Diameter cinches):

Water Depth (It. BTOC): _______________
Casing Depth (ft. BTOC):

Casing Depth (corrected): _______________
One Purge Volume;

PURGE TIME:

Start

Stop _____
Total elapsed minutes

FIELD PARAME1EP MEASUREMENT

Time of last calibration.

p1-1

7.'ié ____ 1.8 __
____ ___ 7-'7 c/ _____

___—__ ______ _______ ____ ___
Tolal Purge Volume individual volumes, not cumulative

•
.

.
.

.
. : WELL SAMPLING

SAMPLING METHOD (check one)

1.88 - inch Teflon bailer

___________ Dedicated Triloc pump

Other

Bottom-Emptying

Device for VOCs? V (j)

Round 3

XU-32-12-901Well Number: —
HNu Background;

HNu Wellhead:

HNu Breathing Zone:

Conversion Factora

92 $eck Slope Other

Keck Slope _b.i-

_______________ (+09 feet for Keck)

___________-- Gallons

PURGE METHOD:

— 1.88- inch Teflon bailer

Bailer type: _______________________
Grundfos

Dedicated Triloc

Other:

2 ached. 40 • .163 gal Jft.

4 ached 40 .653 galfft.

4sched. 80 .5l4gaIJft.

5 ached. 80 = .920 galfft.

Time:

OdorTimeof VoI.
Measurement Purg
ORSt /4i:

Tamp

zo.8 7.Ztt

(SLO

Cond. (ATC)

O.1&'s..

Turbidity
mail.

IMMISCIBLE PHASES:

(interface Probe Only)

None Detected

DNAPL -.
LNAPL

Depth Ic Top (ft.) __________
Depth to Bottom (ft.) —

Thickness (ft.) ___________

Comments

2
* 8

D. 0.
(ma/l.)

0
Color

0
0

/,3
CieA

%I,_s

Sample No.

CR-A 1t7ôcwo
VolumePCont.

Jxf =th.'
L)c( AI/Ip

Analysis Requested

Sample Date: 44/3/9,
Start: /

Sample Time; 1 2 Ø Finish: • Z 3

9I
SW3l�_s&4'73ao

Preserv.

fOOti
Sample ID

-32I2%i_O3

_______ Comments

Ambient Blank

Duplicate

Equipment Blank

*• ..1'Trip Blank

QUALITY CONTROL SAMPLES Additional comments: Apee 4.f .S,A//M'w
TYPE SAMPLE ID C-of-C

Recordedby:.l5114__Afipd
JACOBS ENGINEERING GROUP INC.



April 1907 GROUNDWATi AIPUNG DATA1-IEE!
Carswell Background Study 05G47900

Well Type (circle one) Flushmount

Well Meteral (circle on.): PVC SI. Steel — S4t (

Well lntegrfty: G ________________

Round 3

Well Number: XU-32-12-902
HNu Background:

HNu Wellhead:

HNu Breathing Zone:

lo:4L1
Slop

Total elapsed minutes

SAMPLING METHOD (check one)

Ambient Blank

Duplicate

Equipment Blank

Trip Blank

1.88- inch Teflon bailer

Dedicated Triloc pump

Other

Conversion_FIctors_J
2 schad. 40 .163 galflt.

4 ached 40 .653 gal/fl.

4 sched. 80 .574 gal/fl.

5' ached. 80 .020 gal/fl.

IMMISCIBLE PHASES:

(interface Probe Only)

None Detected

DNAPL

LNAPL

Depth to Top (ft.)

Depth to Bottom (ft.) __________
Thickness (ft.) ___________

Weather: •_ML —. Sampled By:

- WELL PURGUG

PURGE DATE: -73f97
PURGE VOLUME:

Casing Diameter (inches): _______________

Waler Depth (ft. BTOC): 75.t' (Iope Other
Casing Depth (ft. BTOC): Keck Slope (j
Casing Depth (corrected): ________________ (.09 feel for Keck)

One Purge Volume: J3 Gallons

PURGE TIME:

Time:

PURGE METHOD:

1.88-inch Teflon bailer

Bailer type:__________

Gruodfos

Dedicated Tnloc

Other:

FIELD PARAMETEP MEASUREMENT.

Time of last calibration: _____________

Time of Vol. Temp pH
- Measurement Ptirged _______

-
3ZLL

IZ ."7... .g .3.

Turbidity D. 0.
(n/L)

Coed. (ATC)

2Z
Color

3l '1L1
Odor

— zq-r.
Comments

Total Purge Volume individual volumes, not cumulative

- _________ WFII sAMPLING

-1

1
I,

Sample No. —

cR.AIF

R,Ai/ào5
VolumefConl,

—,)c I

I'

A Ia11rd,t.

Analysis Requested

5Wflfs SW9to --

Preserv.

—
3NZO1

OC?

OUALY CONTROL SPrMPLES

Comments

TYPE SAMPLE ID C-1-C

IF

II

Additional comments:

Recorded by:

JACOBS ENGINEERING GROUP INC.



April 1997

PURGE DATE:

PURGE VOLUME:

Casing Diameter (inches): —

Waler Depth (ft. BTOC): .—

Casing Depth (ft. BTOC): .—
Casing Depth (corrected): ..—

One Purge Volume:

rip. - w,... P...4
GROUNOWA1ESkMLING DATA I-lET

Keck Slope

Keck Slope

( .09 feet for Keck)

Gallons

PURGE TIME:

Ambient Blank

Duplicate

Equipment Blank

Trip Blank

IMMISCIBLE PHASES:

(Interface Probe Only)

None Detected

DNAPL -
LNAPL

Depth to Top (ft.) .i—.

Depth to Bottom (ft.) —

Thickness (ft.) ___________

Carswell Background Study - 05G47900
Well Type (circle one) Flushmount Slickup

Well Material (circle one): PVC St. Steel

Well Integrity: 4d /4..4'
Weather: (. °F

Round 3-
Well Number: RUDVSWELL

HNu Background: •'
HNu Wellhead:

HNu Breathing Zone:

Sampled By: (3 ,(j44
WELL PURGING .. .

Other

Other

Conversion Factors

Time: —

Start 1g13
Stop

Total elapsed minutes

2 ached. 40 .163 gaIJlt.

4 sched 40 .653 gal/ft.

4 ached. 80 . .574 gal/ft.

5 ached. 80 .920 gal/ft.

PURGE METHOD:

1.88 - inch Teflon bailer

Bailer type:__________

Grundlos

Dedicated Triloc

Other:

Time or last calibration:

FIELD PARAMETER MEASUREMENT

Trne of
Measurement

Vol. Temp pt-I Cond. (ATC) Turbidity D. 0. Color Odor
Purged C jmMtios/cicm mg/LL 23 S7 Z3 c4!iE

as7z -0 3.ck- 7/
c Z2- //___iôo q

Total Purge Volume individual volumes, not cumulative

Comments

/&3
3

'Z3

�/c4_____________
__________

WELL SAMPUN —
SAMPLING METHOD (check one)

1.88- inch Teflon bailer Bottom-Emptying I

Dedicated Tnloc pump Device for VOCs? V N
—-Othar

Sample Dale:

Start:

Sample Time: Finish:

Sample No. VolunieFCont. Analysis Requested Preserv, Sample ID DC? Comments

OUALV CONTROL SAMPLES

1YPE SAMPLE ID C-of-C

Additional comments:

JACOBS ENGINEERING GROUP INC.

Recorded by:



Mid April 1997

Carswel Background Study - 05G47900
Well Type (circle one) Flushmount Stickup

Well Meterial (circle one): PVC St. Steel

Well IntegrIty: _______

-ì
Weather: 1Ld AI 4-*Jo

PURGE DATE:

PURGE VOLUME:

Casing Diameter cinches): _______________

Water Depth (ft. BTOC): L2 l(eck

Casing Depth (ft. BTOC): Keck

Casing Depth (corrected):

One Purge Volume: Gallons

Well Number: —
KNu Background:

HNu Wellhead:

HNu Breathing Zone:

LNAPL

Depth to Top (ft.)

Depth to Bottom (ft.)

Thickness (ft.)

GROUNDWATER kAtPLING DATA SH+ Round 4

WJEPX925

1 L
WELL PURGING

Sampled By: fØ) 7.7

Slope Othe

Slope Othw
(,O9 feet for Keck)

Time:

PURGE TiME:

Start

Slop

Total elapsed

Conversion Factors

2 ached. 40 • .163 gal/Il.

4 sched 40 • .653 galift.

4 sched. 80 • .574 galift.

5 sched. 80 .920 galfft.

oJLiIJi
minutes

PURGE METHOD:

1.88- inch Teflon bailer

Bailer type: _________________________

Grundfos

Dedicated Tribe

her:

Time of last calibration: _____________

FIELD PARAMETER MEASUREMENT

IMMISCIBLE PHASES:

(Interface Probe Only)

None Detected

ONAPL

Time of
Measurement

VoI.
Purged

Temp
C

pH Cond. (ATC)
(mZ*os/cm)

Turbidity
mgi.

D, 0.
-

Color Odor Comments

22I/q(
JoL51Z1J/o'D -
/11 5_ 4

/P.1
L528

O,S5 9 O.P/ /Y1./c/r/ D.Yfj_f#?7 *./e/r4'u.
? .,
Total Purge Volume individual volumes, nol cumulative

WELL SAMPLING ______________________ _______

SAMPLING METHOD (check one)

1.88 - inch Teflon bailer Bottom-Emptying

Dedicated Triloc pump Device for VOCs? V N
Other

Sample Date: /// 7/97
Start:

Sample Time: J Finish:

Sample No. Volume/Cont. Analysis Requested Preserv. Sample ID OC? Comments

CR-A161901 lx IL Amber Glass E418.l H7SO WJEPX925-04

CR-A162001 - 1 x 1 Gallon Poly SW9315 SW9320 None WJEPX925-04
-—

OUALITY CONTROL SAMPLES Additional comments:

TYPE SAMPLE ID C-of-C

Ambient Blank -

Duplicate -

qutpmenI Blank -

—(Trip Blank
-

--_______________________________

Recorded by:

JACOBS ENGINEERING GROUP INC.



Mid April 1997

PURGE DATE:

PURGE VOLUME:

Casing Diameter (inches):

Waler Depth (ft. BTOC):

Casing Depth (ft BTOC):

Casing Depth (corrected):

One Purge Volume:

Sample No.

CR-A161902

CR-Al 62002

p.. -

pH Cond. (ATC)hoskm

O. /7

Presery.

H2SO,

None

TL

Round 4

Well Number: WJEPX926

HNu Background:

HNu Wellhead:

HNu Breathing Zone:

2 ached. 40 = 163 gal/ft. -

4" ached 40 • 653 gal/ft.

4 ached. 80 .574 gal/fl.

5" ached.

IMMISCIBLE PHASES:

(Interface Probe Only)

Start: ,2-'i4)
Sample Time: Finish: __________

Conversion Factors

Carswell Background Study - 47900

Well Type (circle one) Elushmount Stickup

Well Material (circle o . VC . eel

Well lntegflty: -
-

GROUNDWAtER!SAPLING DATAthEET

'-//' 7M7

Weather: -ri'L, c'° i7 Sampted By: *Q "7- .
WELLPURG ....

PURGE TjlE: Cj/g1./(417'J/ Stad3
Stop _________

Total elapsed minutes

'1
_/LZ. Keck Slop ,/M5i - Time:

Keck Slope Other

(* .09 feet 1, Keck)

Gallons

PURGE METHOD:

—1.8.8 - inch Teflon bailer

Bailer type:____________________________

Grundfos

Dedicated Triloc

- Other:

Time of last calibration:

FIELD PARAMETER MEASUREMENT

Time of
Measurement

.'

Vol.
Purged

Temp

1q3

None Detected

DNAPL

LNAPL

Depth to Top (Ii.)

Depth to Botlom (ft.)

Thickness (ft.)

Turbidity
m/1.

/•o . 7

D. 0.
(rn/L)

Color

_____ 1
Comments

—ii

"7

Odor

.. 33
,122

_;, /

— - -

TotalPurge
Volume "lndivuaI volumes, not cumulative

_______________ ______________ WEU._SAMPliNG _____________________________

'4t ./ 1- 5-;;
SAMPLING METHOD (check one)

____________ 1.88- inch Teflon bailer

___________ Dedicated Triloc pump

Other

Bottom-Emptying

Device for VOC5? Y N

Sample Date:

Analysis Requested
E418,1

Volume/Cont. ______
1 xlLAmber Glass

1 X 1 Gallon Poly

_______

pc ii,iib
SW9315 SW9320

Sample ID

5-'?,ç .'La'cfli / - --- -

OC? Comments

QUALITY CONTROL SAMPLES

WJEPX926-04

WJEPX926-04

TYPE SAMPLE ID C-of-C

Ambient Blank

Duplicate

Equipment Blank

Trip Blank

__ -- -1
Pt' -

Additlonalcornrnerlts:' - 3& Sc=. J'
tc4 C"-f/"." - O

II

1

Recorded

JACOBS ENGINEERING GROUP INC.



Mid April 1997

.1/

GROUNDWAtRPUNG DATA1
Carswell Background Study - 05647900
Well Type (circleonemount Stickup

Well Number:
HNu Background:

RUDYSWELL

•

Well Material (circle one): PVC St. Steel HNu Welihead:

. Well Integrity: HNu Breathing Zone:

Weather:

Round 4

WELL PURGING : : •.

Sampled By: ,r'j T9

PURGE DATE: (i7 j12_
PURGE VOLUME:

Casing Diameter (inches): _______________

Water Depth (ft. BTOC): _____________
Casing Depth (ft. BTOC): _______________

Casing Depth (corrected): _______________
One Purge Volume:

PURGE TIME:

Start ___
Stop

Total elapsed minutes

Conversion Factors

2 sched. 40 .163 gal fit.

4 ached 40 .653 gal Jft.

4" ached. 80 — .574 gal/ft.

5" whed. 80 = .920 gal/ft.

Keck Slope Other Time:

Keck Slope Other

(+09 feet ror Keck)

Gallons - ,4i.i /iS S.444.p/h1/
PURGE METHOD:

1.88 - inch Teflon bailer

Bailer type:______________________________

Grundfos

Dedicated Trilocer: b,nç6k'
Time of last calibration:

FIELD PARAMETER MEASUREMENT

IMMISCIBLE PHASES:

(Interface Probe Only)

None Detected

DNAPL

LNAPL

Depth to Top (II.)

Depth to Bottom (ft.)

Thickness (II.)

Time of
Measurement

Vol.
Purged

Temp pH Cond. (ATC) Turbidity 0. 0.
"C (mMhos/crnL -. rngL (rnL

2"f i.q '.5zff Z33
2 I - 7i 33

2. 52 3. o

Color Odor Comment6

i'LLL/°//2L/O /r__— E— I____________- q 4/ -4
Total Purge Volume individual volumes, not cumulative

SAMPLING METHOD (check one) Sample Date: ./ /
1.88-inch Teflon bailer Bottom-Emptying

I
Start:

Dedicated Triloc pump Device for VOC's? Y N Sample Time: Finish:

Other

Sample No. Volume/Cont. Analysis Requested Preserv. Sample ID OC? Comments

CR-A161903 1 a IL Amber Glass E418.1 I-t2SO RUDYSWELL-04

CR-A162003 1 a I Gallon Poly SW9315 SW9320 -
None RUDYSWELL-04

QUALITY CONTROL SAMPLES

TYPE SAMPLE ID C-of-C

Ambient Blank

Duplicate

Equipment Blank

Trip Blank

Additional comments: ,(JD 1' 1o5•" ; ______i4t �'L',,e7 £--/ -
_____

Recorded

(7 JACOBS ENGINEERING GROUP INC.



May 1997
Carswell Background Study - 05G47900

Well Type (circle one) Flushmount kup
Well Material (circle one) PVC St. Steel __________________

Wall Integrity:

Weather: Sampled By: eeLy ___

PURGE DATE: 51/3/77
PURGE VOLUME:

Casing Diameter (Inches): _______________

Water Depth (ft. BTOC): _fo7. 2.0 Keck Slope

Casing Depth (ft. BTOC): Keck Slope Other

Casing Depth (corrected): ________________ (+09 feet for Keck)

One Purge Volume: 7 Gallons

Time of
Measurement

/03E
JC25/

Vol.
Pug4

Temp
C

p11 Cond. (ATC)
(mMhos/cm)

Turbidity
mg/I

0.0. Color Odor
-

Comments

54L
13L

2.
2Ol 3 O.50&

p.,o5
0
0

0.32 ck
Ot3 " (I

1O9 oL 2c.3 7 ó,ÔS ,3'I €-'
J(J Total Purge Volume L *individual volumes, not cumulative

- WELL SAMPUN

SAMPLING METHOD (check one)

1.88 - inch Teflon bailer Bottom-Emptying

Dedicated Triloc pump Device for VOCs? Y (j)

Other ,1Ace,'

Sample Date: S//3/9 7
Start:

Sample Time: .JJ3() Finish: 1/3

Sample No. Volume/Cont, Analysis Requested Preserv. Sample ID DC? Comments

CR-A163101 I a IL Amber Glass E418.1 H2SO - WJEPX925-05

TYPE SAMPLE ID C-of-C

Ambient Blank

Duplicate

quipment Blank

11'Trip Blank

w

JACOBS ENGINEERING GROUP INC.

GROUNDWATER AMklG DATA Round 5

WJEPX925Well Number: —
HNu Background:

HNu Wellhead:

KNu Breathing Zone:

Conversion Factors

PURGE TIME:

Start

Stop

Total elapsed

i22i..

PURGE METHOD:

thzco_____ Time: /ooc

P-j. a-Me. 33O.i/t..i4e

2 sched. 40 .163 galift.

4 sched 40 = .653 gal/ft.

4 sched. 80 .574 gal/ft.

5 sched. 80 .920 gal/ft.

minutes

1.88- inch Teflon bailer

Bailer type:____________________________

Grundfos

Dedicated Triloc

Other: AcJer

Time of last calibration:

FIELD PARAMETER MEASUREMENT

IMMISCIBLE PHASES:

(Interface Probe Only)

None Detected

DNAPL

LNAPL

Depth to Top (ft.) —
Depth to Bottom (II.) __________

Thickness (ft.) —

CR-A163201 1 a 1 Gallon Poly SW9315 SW9320 None WJEPX925-05

QUALITY CONTROL SAMPLES Additional comments:

Recorded by: — N eiy



PURGE VOLUME:

Casing Diameter (inches): L/_.
Water Depth (ft. BTOC): .112 4Lp Keck

Casing Depth (ft. BTOC): Keck

Casing Depth (corrected): (.09 feet for Keck)

One Purge Volume: Gallons

PURGE METHOD:

1.88 - inch Teflon bailer

________ Bailer type:_____________

Grundlos

Dedicated Triloc

Other: PIAcUcp'

WJEPX926

1

2" ached. 40 .163 galift.

4" sched 40 .653 galift.

4 ached. 80 .574 gal fft.

5 ached. 80 .920 gal/ft.

IMMISCIBLE PHASES:

(interface Probe Only)

None Detected

DNAPL

LNAPL —

May 1997

Carswell Background Study - G47900

Well Type (circle one) Plushmoun

Well Material (circle one). PV t. Steel
Well Integrity: 7o

GROUNDWATRSAMPLING DATA

Weather: C&z,- itL_Zo_

Round 5

Well Number:

HNu Background:

HNu Wellhead:

HNu Breathing Zone:

/1ee1y ___
WELL PUPG)NG - — .- ________________

PURGE DATE:

StoPe() /Aaco____
Slope Other

Conversion Factors

PURGE TIME:

Start ____
Slop ________

Total elapsed minutes

Time of last calibration: 0

Time: / 32

Odor

FIEID PARAMETER MEASUREMENT

I

1

1

1

-ir
Time of

Measurement
Vol.""

Purged

c22

Temp
"C

ZO. 7

pH Cond. (ATC)
(mMhos/çm)

c:). ('/(.'

Turbidity
mg/L -

D. 0. Color

Depth to Top (ft.) ___________
Depth to Bottom (ft.)

Thickness (ft.)

Comments

). /' c5.i
2-

I,

Total Purge Volume "individual volumes, not cumulative

WLLSAMPUNG .

SAMPLING METHOD (check One) Sample Dale: /f?/._7
1.88 - inch Teflon bailer Boltom-Empting I Start:

Dedicated Triloc mp ferorVOCs?Y () j Sample Time: / Finish:

Other

1
Sample No. Volume/Cont. Analysis Requested Presevv. Sample ID — OC? ---- Comments

CR-A163102 I x IL Amber Glass E418.1 I12SO4 WJEPX926-05 —___________________________
CR-A163202 I x 1 Gallon Poly SW9315 SW9320 None WJEPX92&-05

11111 11.1 -- i—--.-- I f... 1
QUALITY CONTROL SAMPLES Additional comments:

TYPE SAMPLE ID C-of-C

Ambient Blank -

Duplicate -

Equipment Blank -

Trip Blank Recorded by:

JACOBS ENGINEERING GROUP INC.



May 1997

Carswell Background Study - 05G47900
Well Type (circle Stickup

Welt MaterIal (circle one): PVC

Well Integrity: Oc!'

GROUNDWATER' SVVfPLUJG DATA Round 5

Well Number: RUDYSWELL

1-INu Background: —
1-INu Welthead: —

HNu Breathing Zone:

SampledBy _________ _______ _______
_____________ . S WELL PURGG . .

. . . .

PURGE DATE:

PURGE VOLUME:

Casing Diameter cinches):

Water Depth (ft. BTOC):

Casing Depth (ft. BTOC):

Casing Depth (corrected):

One Purge Volume:

Keck Slope

Keck Slope

(+09 feel for Keck)

IMMISCIBLE PHASES:

(Interface Probe Only)

None Detected

DNAPL

Weather: C-(e,qv. /ov (DOs

Other

Other

0Time:

PURGE TIME:

Start 082:7
Stop

Total elapsed minutes

Converelon Fictors

2 ached. 40 .163 galift.

4 ached 40" .653 981./fl.

4 ached, 80" .574 gal.ifl.

5" ached. 80 = .920 gaIJfI.

/ 0 0 Gallons

PURGE METHOD:

1.88- inch Teflon bailer

Bailer type: ________________________

Grundfos

Dedicated Triloc

Other: 1CA4
_____ FIEI.D PARAMETER MEASUREMENT

.
.

Time of last calibration. () 8 a o

LNAPL

Depth to Top (ft.)

Depth to Bottom (ft.)

Thickness (ft.)

Time of
Measurement

Vol.
Purged

— Temp

C
pH Cond. (ATC)

(mMhos/cm)

5 1/
Turbidity

rng/L

o
0.0.
(m/L) -

OéS

Color Odor Comments

/e. sI. 5,i-cQ37 JQ 7. i5
/22o fj7.-7.2 /Ct

L:-/,m--
'
"S7 Z 6

3po Total Purge Volume ""Individual volumes, not cumulative

WELSAMPUN_
SAMPLING METHOD (check one)

1.88-inch Teflon bailer Bottom-Emplyin9

Dedicated Triloc pump Device for VOC's? V

X Other

-

Sample Date: 5// 3 /. 7
Start:

Sample Time: Finish:

Sample No.

CR-A163301

CR-A163203

Volume/Cont.

lx iLAmber Glass

1 x 1 Gallon Poly

Analysis Requested
E418.1

SW9315 SW9320

Preserv.

H250,

None

Sample ID OC?

RUDYSWELL-05

RUDYSWELL-05

Comments —

QUALITY CONTROL SAMPLES Mditional comments:

TYPE SAMPLE ID C-of-C

Ambient Blank -

Duplicate -

quipmenl Blank -

(Trip Blank
- Recorded by: J L cd

JACOBS ENGINEERING GROUP INC.





APPENDIX E

Statistical Calculations Support Tables

F\CARSWELL\05047900\WP\WSAFINAL\APPCVRDOC 1/6/98 Final
Recycled
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APPENDIX F

Photographs

I CARSWELLO5G479OO\W?WSAFTNALAPPCVRDOC 6M3 Fina'
Rcyckd



-S

Appendix F Photographs
:::

Soil sample from approximately 2 to 6 feet deep at BJETA913 showing transition
from very dark gray Horizon A soil to pale yellow Horizon B soil. (11:29, 11109/96)

I:\CARSWELL\05G47900\WP\WSA\PHOTOS.DOC
IRPJO3O5G479OO-M17-OOD1 6127197

F-I

Direct push sampling at BJETA932. Water tower support is in background. (14:58, 11/12/96)
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Appendix F Photographs

:::lt

Drilling atBJETA93O, southeast of the Radioactive Waste Storage Area. Refusal at 12 feet, no groundwater
encountered. (10:14, 11/21/96)

Preparing for well installation at WJEPX926.

I:\CARSWELL\05G47900\WP\WSA\PHOTOSDOC
IRP-J03-05047900-M1 7-0001 6/27/97

F-2

- ;;— _______
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(15:54, 02/14/97)
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